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Abstract 
____________________________________________________________________ 
The investigation delves into the application of the resilience concept to the ecological 
and anthropogenic systems of Ramla Valley, Gozo. The Resilience Assessment, the 
first of its kind attempted in the Islands, takes a holistic approach to study a system by 
considering the various system components and related pressures. Components 
considered include agricultural, ecological, sediment (beaches and dunes) and 
landscape. Current governance impacting the system was also considered. Methods 
used in this study were based on guidelines provided by the Resilience Alliance and 
supported by data derived from previous studies, interviews with interested parties, 
on-site observations, and comparative studies of aerial photographs and maps of the 
area of study. The latter provides a spatial and temporal assessment of the area, 
allowing investigation of the manner in which the system changed with time. The 
compiled information was synthesised to establish the degree to which the system and 
its components are resilient. Findings indicate that agricultural land composition and 
vegetation components have remained relatively unchanged over the past 70 years. 
However, instances of land abandonment were noted. This, in turn allowed for the 
transformation of land to other states, characterised by natural maquis vegetation, 
Arundo donax stands, and Eucalyptus groves used for bird-hunting activities. Soil and 
water resources are amongst the most vulnerable aspects of the system due to over-
exploitation and improper management. The dune and beach system, although 
dynamic, are relatively stable features of the system. Constant monitoring of the 
various components is required to support management decisions thereby ensuring 
environmentally and socially sound measures maintaining the system’s benefits.    
Key words: Resilience Assessment, holistic approach, management, governance, 
alternate states, Ramla Valley, Gozo, system components. 
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Introduction 
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1.1 Background 
 “The resilience assessment framework guides a process for building knowledge and 
understanding of the interactions, dynamics, and potential thresholds of concern for a 
particular social-ecological system” (Resilience Alliance, 2010). The study carried out 
in this research is the reporting of a Resilience Assessment carried out in Gozo, the 
second largest island in the Maltese archipelago. The aim is to assess Ramla l-Ħamra, 
an area of ecological significance which also falls under the Natura 2000 framework 
as a Special Area of Conservation of International Importance (Figure 1.1). This area 
includes the dunal system, together with equally important parts of the valley namely 
the freshwater channel and associated community. Being habitats of endemic and rare 
species, the valley and dunal systems, are deemed sensitive areas. Therefore, an 
assessment which addresses the resilience of the systems when pressures and 
disturbances prevail, is a crucial exercise.  
 
While the study will focus on ecologically important components of the area, the 
extent of the area of study (AOS) and other features of study will be determined 
during the assessment. This is because the identification of the relevant area of 
analysis is the first step of the assessment framework. The framework requires that 
this assessment is carried out in a manner that includes all areas linked to the 
ecological communities or which influence them. This approach will ensure that the 
factors being studied are not seen in a ‘vacuum’. This is to enable the manager and 
interested stakeholders to have a better understanding of the environmental and 
anthropological (human) context which shapes the area and habitats under study.  
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 Figure 1.1: A map indicating the location of Ramla l-Ħamra in Gozo (source: adapted from © Mapping Unit, 
Malta Environment and Planning Authority) 
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The Resilience Assessment is based on a document entitled ‘Assessing Resilience in 
Social-Ecological Systems: Workbook for Practitioners’ published by the organisation 
Resilience Alliance (2010). This publication, which provides a framework and 
guideline for the assessment, is based on resilience related concepts.  
 
1.2 Basic concepts of resilience 
The above mentioned document describes Resilience as being the “magnitude of 
change or disturbance that a system can experience without shifting into an alternate 
state that has different structural and functional properties and supplies different 
bundles of the ecosystem services that benefit people” (Resilience Alliance, 2010).  
 
Therefore, resilience focuses on the ability of nature to buffer itself from pressures 
arising from natural processes such as floods or drought, or which result from 
anthropogenic use of the environment and its resources. If these pressures are 
significant enough to overcome the ability of the system to withstand them 
(resilience), nature and man will suffer. Hence, harnessing and maintaining system 
resilience, as well as understanding this attribute’s determining factors is important, 
and man should be able to identify ways on utilising environmental resources without 
causing damage to the resources and the environment.  
 
1.2.1 System dynamics 
Resilience is also concerned with system dynamics (Walker et al., 2004). The latter 
looks into interrelationships between the different components making up the 
ecosystem and the larger scale system in which it is situated. Disturbances acting 
upon the components could bring about change in these components. System 
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dynamics is therefore also concerned with the manner through which these 
components affect the system’s state. 
 
The state of a system or system state refers to a type of community, or ecological 
assemblages, such as a dunal community. The state is determined by variables, such 
as the ecological composition, the amount of sediment present and processes. The 
latter include prevailing wind (aeolian) conditions and sediment-providing processes, 
such as erosion processes derived by fluvial action. System dynamics comes into play 
as a result of the interaction between variables which govern system states (Walker et 
al., 2006). A change in prevailing wind conditions, coupled with different erosion 
regimes can determine whether the dunal system grows or not. Disturbances such as 
infrastructural development or change in weather conditions can bring about changes 
in variables which can shift the state of a system.  
 
Another resilience related concept is different scales (Folke et al., 2010). Resilience is 
determined by three levels of scale: the local scale, the focal scale and the larger 
scale. Thus the resilience of a valley system considers the valley system as the focal 
scale, the fields or agricultural land forming the valley as the local scale and the 
region in which the system is situated as the larger-scale. Thus a change at the lower 
scale can affect the valley system which in turn affects the higher levels at larger 
scales. These different scales constitute the spatial scale.  
 
Taking into consideration the dunal system and the sand source of the site, its impacts 
can be considered in a number of ways. If vegetation were to be established along the 
fields from where the sediment is derived, the latter will become less mobile and the 
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sand would not reach the dunes. Within the focal scale, this would be attributed to a 
local level disturbance resulting in the prevention of sand dune rejuvenation. This 
state of affairs could possibly impact the dunal ecosystem, another impact at focal 
level. Such impacts would possibly affect the larger scale, such as loss of ecological 
or landscape value of the landscape in which the dune is situated. However, when 
assessing resilience one has to also consider the possible past disturbances. This 
contributes to the temporal scale (Holling, 1973). 
 
1.2.2 Traditional vs. Resilience approach 
Resilience Assessment is a valuable management tool for the environment and its 
resources. The use of traditional ‘command-and-control’ approaches in the managing 
of ecosystems considers the environment as static (Resilience Alliance, 2010). Of 
course, this is never the case, since the environment is a system which is subjected to 
continual change. Hence, traditional approaches may ignore critical system processes 
which can potentially damage the environment as well as sectors of society dependant 
on those aspects of the system. They attempt to control resources to maintain a stable 
production or maximize it with the aim of short-term economic gain. In addition, 
traditional management processes tend to address individual problems, and while 
these may give short-term solutions, they might not be able to prevent long-term 
impacts (Resilience Alliance, 2010).  
 
The resilience approach provides detailed information and an in-depth insight of the 
system being studied. Such information would support management schemes and 
decisions aimed at utilising the environment and its resources in a manner which does 
not place the system at risk. Resilience Assessment considers the system as a complex 
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one which is treated with uncertainty1. It aims to achieve sustainable, long-term use of 
the benefits derived from natural resources (Resilience Alliance, 2010). Having a 
thorough understanding of the complexities of systems and the processes that shape 
them, managers can develop strategies which would avoid damaging the 
resource/system in question whilst ensuring the sustainability of long-term benefits. 
 
1.3 Overview of the Resilience Assessment 
1.3.1 Stages of assessment 
The assessment is composed of five major iterative stages where each stage may refer 
to other stages of the Assessment (Figure 1.2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.2: The Resilience Assessment process (source: Resilience Assessment, 
2010) 
 
The first stage of the framework involves describing the system. It enables the 
manager to obtain a clear understanding of the underlying system dynamics and 
variables that shape the system. The next two stages focus on interactions within the 
                                                 
1 Uncertainty – where change is acknowledged as an ever present possibility 
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different level of scales shaping the system. The fourth stage is the analysis of the 
system’s governance. Consideration is given to the various laws and institutions 
which determine the extent of human activity in the area. It will also determine the 
extent to which these laws and institutions have influenced the extent of management 
related to the area under study. The final step in the assessment is utilising the 
findings and conclusions derived from the process to establish new policies or effect 
appropriate changes in existing policies with an aim to improve the use of a system 
and its services. Table 1.1 summarises the Resilience Assessment process. 
Assessment Stage Deliverables 
Describing the System  Set boundaries for the study area, including system-determining 
processes and factors;  
 Identify the main issues within the system; 
 Identify disturbances characterising the pressures and system’s 
components affected by these disturbances; 
 Define the spatial and temporal scales shaping the system.  
System Dynamics  Investigate the presence of cyclical patterns in the system; 
 Investigate potential alternate states of system;  
 Identify thresholds governing state of system. 
Interactions  Investigate impacts between the smaller scales composing the 
system, the system, and the larger scales within which the system 
is located; 
 Investigate between general and specified resilience of scales  
System Governance  Assess governance and institutions relevant to the area; 
 Identify networks among institutions and stakeholders for effective 
management. 
Acting on the 
Assessment 
 Compile assessment findings to develop adequate policies or 
management in light of conclusions drawn. 
 
Table 1.1: The Resilience Assessment process and its components (source: 
adapted from Resilience Alliance, 2010) 
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1.3.2 Past assessments 
About ten projects world-wide have taken on the Resilience Assessment approach 
(Resilience Assessment, 2013 a). While it would have been appropriate to look into 
all of them, some of the project descriptions did not come with official documentation. 
This resulted in an inability to fully describe the application of the Assessment in real 
life. Chapin et al.’s resilience assessment of boreal Alaska can be considered a 
research exercise to “explore alternative scenarios of future changes that might 
enhance or further reduce human well-being” (Chapin et al., year unknown). 
Referring to incidences of forest fires in Alaska, Chapin et al. use historical and 
present data to observe: the impacts of climate change resulting in increased 
desiccation of the area and larger wildfires affecting the area; changing management 
practices; future projections of more severe fire incidences; and changing impacts of 
fire on society, among others. Despite the predicted negative results, the concluding 
observations enabled the communities under study to adapt in accordance with 
identified issues. While the current changes in climatic factors were identified to have 
reduced the well-being of rural residents and the resilience of the region, acquired 
knowledge on these changes would allow the communities to prepare adequate 
mitigation measures.  
 
Walker et al. (2009)2 carried out a similar study, based on the Resilience Assessment 
Framework, to guide the development of regional plans within their region of study. 
Using this approach, they identify key factors affecting the Goulburn-Broken 
Catchment Area in Australia, in particular with respect to salinisation on agricultural 
land. The Resilience Assessment of the area managed to identify issues that needed to 
                                                 
2 Further referred in Chapter 2 
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be changed, particularly in terms of governance and management at the regional and 
local levels, thereby improving the effectiveness of water and agricultural systems 
management. The application of the assessment can thus be seen as a means of 
understanding the way a system functions. It also establishes whether current 
management is effective and suited for the area and the resources.  
 
1.4 Rationale  
The rationale of the study lies in understanding the Ramla system by making 
reference to resilience concepts, which would identify the underlying features which 
shape the system. Environmental pressures which stand to change the present state of 
the Ramla system have been identified by stakeholders and managers responsible for 
the area. The Resilience Assessment shall attempt to assess the degree of change that 
might have occurred in the system, thereby establishing its degree of resilience. This 
approach could be used to establish whether the management, which is currently 
being implemented, is adequate or in need of revision. By carrying out a Resilience 
Assessment, it is hoped that by the end of the project, one can discern the 
effectiveness of the Resilience Assessment’s framework and whether it is applicable, 
not only to the area concerned, but also for the sustainable management of 
environmental and social systems.  
 
1.5 Research question 
The research question(s) guiding the study is:  
“To what extent is the Ramla system in Gozo resilient to change?”  
Focus will be given to those characteristics which can be considered as intrinsic to the 
system and which determine the state of the Ramla System. The natural and 
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anthropogenic issues, such as agriculture, and factors, such as water processes that 
can determine erosion are among the characteristics of the area which can shape the 
state of the system. 
 
1.6 Objectives  
The objectives of the study include:  
(1) Identifying the type and extent of landscape and vegetation change that has 
occurred in the area concerned over a span of about fifty years 1957-2008; 
(2) Identifying the main issues of concern, the factors which influence such issues 
and hence drive change and whether a relationship exists between these 
factors;  
(3) Attempting to tie this research with other studies related to the area. 
 
1.7 Structure of thesis 
In addition to this introductory chapter, the thesis includes the following: 
The Literature Review - This chapter shall analyse a number of seminal works which 
discuss resilience. It will discuss various concepts of system resilience which will 
assist in the eventual Resilience Assessment. It also makes reference to governance 
and presents resilience concepts in light of the context of the Maltese Islands. 
 
The Methodology - An outline of the research methods and approach employed to 
collect the data and information required for the study.  
 
The Results and Analysis – The presentation of results which include: onsite 
observations, interviews conducted with various stakeholders connected with the area, 
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comparison of aerial photographs and maps of the area, reference to relevant policy 
documents and management implemented. This chapter also aims to identify the 
environmental features under threat. 
 
The Conclusion - This chapter is a summary of the findings and results and will 
identify the conclusions emerging from this work. Proposed measures to mitigate the 
threats and recommendations for further studies will also be presented.  
 
Chapter 2 
 
 
Literature Review 
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2.1 Resilience 
Resilience, also referred to as ecological resilience (Gunderson, 2000 in Nyström et 
al., 2008), is defined as the measure of persistence and the ability of the systems to 
absorb change and disturbance while still maintaining the same relations between 
populations or variables (Holling, 1973). It is “the capacity of a system to absorb 
disturbance and reorganise [itself] while undergoing change so as to still retain 
essentially the same function, structure, identity, and feedbacks” (Walker et al., 2004 
in Folke et al., 2010). The resilience of a system is determined by the ability of a 
system to resist change within its internal structure or to revert to its original state. If 
the system is not resilient or possesses low resilience, it is likely to experience change 
in its characteristics which in turn can change its state. Resilience can be seen as an 
“insurance against unforeseen ecosystem responses in the face of environmental 
change” (Nyström et al., 2008) 
 
Resilience is composed of general and specified resilience (Folke et al., 2010). 
General resilience refers to a system’s resilience to a broad range of perturbations, 
whereby the whole system is capable of resisting shocks and “uncertainty in all 
ways”; whilst specified resilience refers to resilience towards a specified set of 
disturbances.  Survival of the system is dependent on the balance between both types 
of resilience. If a system becomes resilient to specific types of disturbances, it would 
become vulnerable to other forms of disturbances. Folke et al. (2010) refer to Carson 
and Doyle’s Highly Optimised Tolerance Theory (2000), which states that as systems 
become robust to frequent kinds of disturbances (press disturbances), they become 
vulnerable to infrequent disturbances (pulse disturbances).  
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The maquis communities in the Maltese Islands possess general resilience. They are 
resilient to fire and to the drought conditions prevailing in summer. These conditions 
can be considered as press disturbances. Pulse disturbances include the infrequent 
storms, which can cause severe run-off. Anthropogenic features, such as rubble walls, 
offer resilience to the systems by preventing soil erosion.  
 
2.2 Resilience as a management concept 
Resilience management and governance aim to maintain the state of a system, thereby 
ensuring the continuous provision of ecosystem goods and services and/or improve 
the state of a system (Resilience Alliance, 2013 b). The latter is represented by its 
current configuration of processes and components. Processes include factors such as 
nutrient cycling or soil production, whilst components include the species which make 
up the ecological components of a system. Human intervention can be considered as a 
pressure on the natural environment. Each pressure or disturbance may induce change 
within the system to possibly alter valued functions used by society or negatively 
impact the established ecosystem equilibrium. 
 
2.3       Concepts of systems resilience 
2.3.1 Domains of attraction 
In his paper, Holling (1973) describes how interacting factors, such as two animal 
populations, can result in a number of different behaviours. The resultant feedback 
can cause the two populations to regulate each other and hence determine the 
trajectory through which they develop (Figure 2.1). Although identifying a number of 
system behaviours, traditional models are not able to incorporate the realistic 
behaviour of the natural processes involved. Thus an accurate representation of 
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ecosystem behaviours in the real world, such as randomness, spatial heterogeneity and 
the multiple possible states, is difficult (Holling, 1973). 
 
 
Figure 2.1:  A phase plane1 showing interactions between two populations 
(source: Holling, 1973) 
 
This difficulty stems from the fact that ecosystem behaviour is not determined by the 
interaction between two populations but by the interactions between various 
ecosystem components, whose nature might not necessarily be continuous. This could 
be appreciated when considering the concept of a food web rather than a food chain. 
Predator and prey cannot be considered independently of other ecosystem components. 
Such components fluctuate with time and differ spatially, thus their relationships with 
biotic components would result in unequally distributed behaviours within ecosystems. 
Such an example illustrates both randomness and spatial heterogeneity. 
 
                                                 
1 Phase planes are used to represent graphically trajectories of equations in mathematics and the study 
of non-linear systems. In considering ecosystems, these can be considered as non-linear systems 
(source: http://www.math.psu.edu/tseng/class/Math251/Notes-PhasePlane.pdf 
&http://www.facstaff.bucknell.edu/mastascu/eControlHTML/Nonlinear/NonLinear1PhasePlane.htm) 
17 
 
Randomness results from the unpredictability of natural conditions such as weather 
conditions. While climate can be considered as generally stable in terms of seasonal 
patterns within an area, day-to-day weather patterns can vary greatly. In such 
conditions, ecosystem processes and interactions between species can vary 
accordingly. These unpredictable conditions can be very difficult to include in models.  
 
Spatial heterogeneity results from differences in ground conditions within an 
ecosystem. These may result from, for example, differences in soil conditions which 
might determine the distribution and abundance of respective vegetation species. 
Characteristics of an area contribute to multiple states in a system. If one considers a 
fresh water pool, the system can change with the rise and fall of water levels resulting 
from the seasonal variation of water flow. As water levels change, so will the 
ecological communities of the system. These in turn can change the state. Therefore, 
the complexity of ecosystems which result from such factors can be hard to predict 
with accuracy due to the levels of uncertainty and limitations of models. For this 
reason, Holling (1973) states that models are best used as a starting point towards 
understanding systems.  
 
When a disturbance throws off one factor on a different trajectory it may have an 
impact on the equilibrium – “the existence of discrete domains of attraction 
immediately suggests important consequences for the persistence of the system and 
the probability of its extinction” (Holling, 1973). Domain of attraction is the “region 
within which stability occurs” (Holling, 1973). This stability is the result of 
interactions between components of the system and feedbacks which determine their 
state of equilibrium. The ‘region’ can be depicted as a virtual space of the product of 
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interactions between the components (Figures 2.2 & 2.3). Domains of attraction can 
be equated to basins of attraction which are “a region in state space in which the 
system tends to remain” (Walker et al., 2004). Refer also to section 2.3.6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3: Relationship between the components of the system determining its 
state and position in relation to its stability basin (source: author, 2013) 
 
Holling referred to various case studies and identifies how human intervention in 
natural systems can have a number of unprecedented impacts resulting in new inputs 
within the system and subsequent changes to new conditions (Holling, 1973).   
System state 
Domain of attraction 
Boundary of stability 
Domain of attraction 
Component 2 
Component 1 
System state 
Boundary of stability 
Figure 2.2: Basin of attraction (source: adapted from Walker et al., 2004) 
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Example 1: Herring in the Great Lakes 
Holling’s (1973) example of herring in the Great Lakes can explain “new domains of 
attraction”. Around the 1920s, major declines in herring population occurred as a 
result of overfishing. Despite the subsequent reduction in fishing, the herring 
population remained low and did not recover. Holling (1973) attributes this to the fact 
that fish populations moved from one domain of attraction to another. This shift 
resulted from a combination of factors namely, intense fishing pressure, changes in 
the physical and chemical environment resulting from human development and the 
appearance of new species which acted as predators and competitors. The 
combination of these factors changed the demographic structure of the herring 
population and subsequent populations.  
 
 
2.3.2 Stability and resilience  
Stability of a system differs from its resilience (Holling, 1973). Stability refers to a 
system’s ability to return to a state of equilibrium after a disturbance has occurred. It 
is determined by how quickly a system restores equilibrium and the extent of 
fluctuations that occur. A single system can have multiple fluctuating states yet 
remaining within its domain of attraction.  
 
Example 2: Spruce budworm and spruce-fir forests in Canada 
The relationship between the spruce budworm and spruce-fir forests in Canada, which 
is populated by spruce, birch and fir trees, provides a classical example. The former 
two are less susceptible to the budworm. In times when the budworm is absent, the fir 
trees dominate the forest. However, when dry years prevail and adequate food supply 
(fir trees) is available, budworm propagation is encouraged. This results in a major 
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degradation of fir stands allowing the survival and propagation of the spruce and birch 
trees prior to the re-dominance of the forest by firs. Holling (1973) thus describes the 
forest community as “highly unstable and it is because of this instability that it [the 
forest] has an enormous resilience.”  
 
In their paper, Clark et al. (1975) state that persistence is the outcome of resilience 
and define it as “the maintenance of certain characteristic behavioural properties in 
the face of stress, strain and surprise.” Taking this into account, one can consider 
resilience as an important factor for ecosystems’ survival in light of the various 
disturbances arising from both natural and anthropogenic sources.  
 
Interplay between stability and resilience identifies the importance of focusing on 
boundaries of the domain of attraction rather than the state of equilibrium (Holling, 
1973). Clear understanding of this concept is vital when studying systems. Although a 
system is perceived to have changed, such a change might be part of a cycle which 
repeats itself. Thus, in environmental management one should consider the cycle 
holistically rather than attempting to protect one stage of the cycle. The latter 
approach could not only damage an ecosystem, but all the services and resources 
derived from it. Attempts to maintain the front loop state can render a system rigid, 
and thus increase vulnerability in a reduced ability to respond to change (Holling, 
2010).  
 
2.3.3 Resilience components  
Resilience is determined by factors within the system and which attribute to the 
“Components of Resilience” (Clark et al., 1975). These factors enable systems to 
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“‘bounce back’ from perturbations” causing it to move away from a state of stability 
(Clark et al., 1975). Clark et al. (1975) identify three Components: Class I or 
Boundary Components; Class II or Restorative Components; and Class III or 
Contingency Components. These components determine the various mechanisms 
affecting the system’s resilience. The latter are shaped at the respective spatial levels, 
by the functioning of the system, and the “structural characteristics or adaptations of 
the ecosystem.”  
 
Boundary Components include those mechanisms which allow a system to return to 
its state prior to any disturbance. This occurs without any contributory effects from 
undisturbed areas or systems coming into play.  Such components act by means of 
state-dependent control mechanisms found within the system. State-dependent 
mechanisms are determined by the factors defining those mechanisms, such as 
population dynamics or physical characteristics such as genetic diversity of a 
particular species. If the state of the system is moved beyond the region of stability, 
state-dependent phenomena might not be able to restore the system to its original state 
(Clark et al., 1975). However, state-independent phenomena are able to do this, and 
these mechanisms contribute to the Restorative Components of the system.  
 
When describing Restorative Components Clark et al. (1975) state that “perturbation 
behaviour and resilience properties . . . are critically dependent on . . . temporal and 
spatial discontinuities”. Thus, the world is “not spatially homogeneous”, meaning that 
a community of species might be affected in a system, whilst another community 
within that system remains undisturbed and within stable regions of equilibrium. As a 
result of this exchange between the perturbed and unperturbed systems, a return to the 
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original state would be possible (Clark et al., 1975). This exchange can occur either 
from the outside world, or within an area where different systems can affect each 
other.  
 
The above mentioned components contribute to the respective forms of resilience. 
Boundary Resilience deals with perturbation behaviour of the system inside and up to 
its stability boundary2; Restorative Resilience deals with localised possibilities of 
getting back into the stable region3 once perturbed out of it, whilst Contingency 
Resilience contends with the matter of local extinction4 and takes place when local 
extinction has occurred.  
 
While Restorative Resilience can resolve local extinction, it can only take place if the 
local extinction of species does not result in substantial changes to the local systems. 
However, since species in a system can affect other species, the loss of one species 
will result in the disturbance of the rest of the community. If this occurs, any 
immigrants of the extinct species from undisturbed areas might find it harder to re-
colonise the disturbed area (Clark et al., 1975). Thus, the longer the time lapse 
between the extinction and recolonisation period, the greater the risk of system 
change and its inability to recolonise successfully causing local populations to go 
extinct. Therefore the time lapse and the ability of immigrant species to recolonise the 
system are contributing factors to the success of Contingency Resilience. Another 
                                                 
2 Stability boundary is the edge of the domain of attraction; if a perturbation causes a system to deviate 
from its stable state, it is driven over the stability boundary (Figures 2.2 & 2.3). 
3 Stable region is the area within the stability boundary and the same region within the domain of 
attraction where a system’s dynamics can be at equilibrium. 
4 Local extinction is the complete loss of species within the system as a result of pressures influencing 
the survival of the said species.  
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factor affecting Contingency Resilience is the relationship between stable 
configurations of systems and the system itself. Thus, the greater the difference, the 
lower the possibility of re-establishment of species over an adequate time period 
(Clark et al., 1975). If species are not re-introduced, the system could be cast into an 
alternate state, since the roles filled by the particular species would be lost.  
 
Example 3: Boundary & restorative components for a food retail business 
The three types of resilience are explained in Clark et al.’s (1975) example of a food 
retail business. The internal operating procedures, such as effective inventory and 
personnel control systems determines the resilience of the business to 
perturbations/disturbances such as reduced sales or staff illness. Inflated inventories 
and extra or multiple-trained staff are examples of Boundary Components of 
Resilience of the business. In addition, the business might not have 
available/sufficient buffers to withstand certain pressures. Thus, in the event of 
refrigeration equipment breaking down, having the possibility of using independently 
run external outlets to assist in the storage of their goods and thus maintain the 
smooth running of the operation would surely support the business. Such an 
agreement would form part of the Restorative Components of the business. This 
example also enables one to understand the concept of state-independent mechanisms 
which are exogenous to the system (i.e. the business) (Clark et al., 1975).  
 
 
 
 
 
24 
 
Example 4: Contingency resilience for food retail business 
To explain Contingency Resilience, Clark et al. (1975) refer to aspects of the external 
environment over which the business may have no control on. In the above scenario, 
the food business manager can have links with multiple wholesalers in order that they 
would have a number of sources available in the event that one of the suppliers would 
not be able to provide their goods or service (Clark et al., 1975).  
 
When considering resilience of a system one needs to consider factors which affect 
the system at several levels. Consideration should be given to the small (local) scale 
composing the system (focal scale) as well as larger scale (Figure 2.4). Resilience is 
determined by the spatial scale at which it operates. Catchment areas of a river 
system and areas under the jurisdiction of environmental authorities are examples of 
spatial scales.  
 
 
Figure 2.4: Interaction between resilience at various scales (source: author, 2013) 
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Transformational change at small scales contributes to larger scale resilience, while 
the ability to transform at smaller scales depends on resilience at other scales (Folke et 
al., 2010). This refers to Multiscale Resilience (Folke et al., 2010). Multiscale 
Resilience can be observed when considering whole landscapes, such as valley 
systems. The degree of change that occurs in individual fields can result in negative 
changes across the whole landscape. Thus the local scale e.g. agricultural land will 
have an effect on the focal scale e.g. valley system which will in turn affect the larger 
system such as the landscape.  “Multiscale resilience is fundamental for understanding 
interplay between persistence and change, adaptability and transformability” (Folke et 
al., 2010). This interplay across scales is also considered in resilience thinking which 
is discussed in section 2.3.5. The latter shall also describe the concepts of adaptability 
and transformability.   
 
2.3.4 Aspects of resilience 
When considering resilience one should acknowledge four main aspects namely, 
latitude, resistance, precariousness and panarchy (Walker et al., 2004) Figure 2.5 
depicts these aspect of resilience and their characteristics. 
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Figure 2.5: Aspects of resilience (source: author, 2013) 
 
Resilience is further described in terms of states, attractors and stability landscapes. 
State represents the characteristics of the system, such as grasslands, forests, or 
rupestral communities and is determined by the state variables composing the system, 
such as the amount and type of vegetation and ecological assemblages. State variables 
in turn define the state space. The focus of management is often on the ‘state space’, 
failing to recognise that this is in fact one ‘state’ and not the complete system, thus 
jeopardising the latter. If a rangeland is composed of grass, shrubs and livestock, then 
the ‘state space’ is determined by the “three-dimensional space of all possible 
combinations of the amounts of these three variables” (Walker et al., 2006). To define 
attractors, one has to consider the basin of attraction. Attractors are defined as the 
equilibrium state which characterise a system, and any pressures or disturbances 
27 
 
which can move the system around the basin. If such disturbances move the state 
away from its attractor, and over thresholds, it is possible that the system moves 
towards another attractor. These attractors are thus separated by boundaries which 
encompass the basins and which can be occupied by a system. These basins are 
known as stability landscapes (Walker et al., 2004).  
 
A classic example includes the degradation of maquis communities to garrigue in 
times when grazing goat herds in Malta were a common sight. While goat herds are 
no longer common in the Maltese countryside, today other forms of pressures 
encroach on these systems. Whatever the impact, the significance of these pressures 
and the risk of system states tipping towards other attractors should be considered in 
light of the small size of the Islands, the possibilities of cascading impacts and other 
significant issues such as vulnerable ecologic communities. 
 
2.3.5 Resilience thinking  
Resilience also plays a central role in resilience thinking which looks at the dynamics 
and development of social-ecological systems (SESs) (Folke et al., 2010). Resilience 
thinking is an integral part of Resilience Assessment because it provides and improves 
the understanding of those factors which can control and determine the environment. 
These factors result from the interaction between humans and the environment, as 
well as other natural factors. Folke et al. state that resilience thinking is determined by 
three aspects: resilience5, adaptability and transformability (Figure 2.6). In addition, 
resilience and adaptability are characteristics of system dynamics, while 
transformability is related to the altering of a system’s nature (Walker et al., 2004).  
                                                 
5 Defined in previous sections 
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Figure 2.6: Aspects determining ‘Resilience Thinking’ based on Folke et al., 
(2010) (source: author, 2013) 
 
Adaptability refers to the ability of a system to adjust to changes in external factors 
and internal processes thereby allowing development along the same trajectory and 
maintaining a state (or domain) of stability. Since human actions are dominant within 
SESs, adaptability of a system is a function of the social component. Thus, active 
management of disturbances and resilience will determine whether the crossing of 
thresholds within systems takes place (Walker et al., 2004). If one has to consider the 
four aspects of resilience, adaptability can be observed in the actors’ ability to control 
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the trajectory of the system and thus the precariousness6; the topology of the stability 
landscape, which include the latitude and resistance; or the processes responding to 
dynamics at various scales, which considers panarchy7 (Walker et al., 2004). 
 
This approach describes adaptability in terms of human actors; however it can also be 
used to observe the natural aspects of SESs.  Quoting Walker et al. (2004), Folke et al. 
(2010) define adaptability as “the capacity of actors in a system to influence 
resilience” which “maintains certain processes despite changing internal demands and 
external forces on the SES” (Carpenter & Brock, 2008 in Folke et al., 2010). In a 
resilience framework adaptability requires responses both within social domains as 
well as responses to ecosystem dynamics thereby shaping and changing the system in 
an informed manner (Gunderson and Folke, 2005 after Berkes et al., 2003). This is 
only guaranteed if those factors determining socio-ecological resilience are 
understood and managed, allowing one to be able to actively respond to both gradual 
and abrupt changes.  
 
Transformability is “the capacity to create a fundamentally new system when 
ecological, economic, or social structures make the existing system untenable” (Folke 
et al. (2010) in Walker et al., 2004). It enables systems to cross thresholds into new 
development trajectories. Transformability creates a new stability landscape with new 
state variables when old ones become inefficient or unsustainable, and can be 
considered as a significant ability both in terms of human managers and actors, as 
well as from a natural point of view (Walker et al., 2004). This ability involves 
changes in various internal processes or aspects of the system “introducing new 
                                                 
6 Precariousness is the proximity of the system’s state to a threshold 
7 Panarchy refer to the adaptive cycles that occur across linked scales  
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defining state variables and losing others” (as defined by Walker et al., 2004 in Folke 
et al., 2010). The ability of systems to adapt and transform are vital for the persistence 
and resilience of SESs (Folke et al., 2010).  
 
Gunderson et al. (2006 a) state that transformability and resilience require novelty8. 
The latter can be harnessed by reorganising (reconfiguring) the same components and 
relationships between the components in the previous system. New configurations 
involve genetics/evolution, artificial intelligence, society and culture. Reorganising 
would allow resilience as the system would maintain a similar identity and is able to 
reorganise when perturbations prevail. Ineffective past policies, a resource crisis or a 
shift in social values can encourage transformation (Gunderson et al., 1995, Olsson et 
al., 2004 in Gunderson et al., 2006 b).  
 
Gunderson et al. (2006 b) identify four components vital for adaptability and 
transformability; these include the development and maintenance of open and flexible 
socio-ecological networks, which include relevant actors and stakeholders, 
(Gunderson et al., 1995, Berkes and Folke, 1998, Olsson et al., 2004, Folke et al., 
2005),; learning through scientific activities or social learning (Walters 1997, Fazey 
et al., 2005); an arena for discourse and the fostering of trust through leadership 
(Figure 2.7).  
 
                                                 
8 Part of adaptability; by introducing new approaches 
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Figure 2.7: Vital components of adaptability and transformation identified by 
Gunderson et al. (2006b) (source: author, 2013) 
 
 
The existing intricate relationship between humans and nature, links adaptability and 
transformability with the anthropogenic aspects of SESs (Folke et al., 2010). The 
ability of actors to adapt to change can be determined by knowledge and subsequent 
changes to any policies or actions thereby ensuring that the whole system continues to 
develop along a stable trajectory. Figure 2.8 summarises the characteristics of 
resilience, adaptability and transformability which shape resilience thinking. 
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Figure 2.8: Characteristics of resilience, adaptability and transformability which 
shape resilience thinking & system dynamics (source: author, 2013) 
 
2.3.6 Regime shifts  
In complex systems when certain thresholds are exceeded, there is a possibility that 
the system will not return to its previous basin of stability (Folke et al., 2010). This 
would result in the system deviating towards a contrasting state. Figure 2.9 depicts a 
stability landscape made up of the various possible domains of attraction of a system. 
Despite this change in basins, the system does not change in structure – hence 
alternate basins of stability. The size of the basin of attraction can be equated to its 
resilience: the more resilient a system is, the larger its basin. The lower the resistance, 
the smaller the basin and thus the smaller the disturbance needed to shift from one 
equilibrium state to another.  
Resilience Thinking 
& 
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Figure 2.9: A diagram showing a stability landscape containing two basins or 
“domains of attraction”. The L represents latitude, R represents resistance and Pr 
represents precariousness 9  . The basins of attraction are depicted in dotted lines 
whilst the black dot represents the state of the system (source: Walker et al., 2004). 
 
 
Such a process exists in ecosystems, albeit in a more complicated manner. When 
shifts occur within ecosystems, these are referred to as regime shifts (Figure 2.10). 
The latter occur when the changes in the community are stable and considered 
alternative stable states of the system (Nyström et al., 2008). 
 
 
 
 
 
                                                 
9 Precariousness is the proximity of the system’s state to a threshold 
Figure 2.9a The state is close 
to its stability boundary, with a 
disturbance pushing it over the 
boundary to the adjacent basin 
to its left.   
Figure 2.9b Basin (1) is 
smaller than basin (2). This is 
a result of its lower resilience 
to perturbations. 
2 
1 
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Figure 2.10: With a ball representing a system’s state, different perturbations can 
force the state in different possible regimes (source: SRC, 2012a) 
 
On the other hand, when shifts between different stability domains occur, these are 
referred to as critical transitions (Scheffer, 2009 in Folke et al., 2010). In light of 
such shifts, Folke et al. (2010) identify the importance of considering anthropogenic 
actions not solely as external drivers of ecosystem dynamics and change, but also as 
factors where both these aspects are intricately linked. Bearing this in mind, social-
ecological resilience, which considers people and nature as interdependent systems, 
should be considered if the use of natural systems and resources can tip the system out 
of a basin of stability. This results in damage to natural systems and to those human 
systems dependent on them.  
 
Loss of resilience is a key factor contributing to systems switching to alternative 
states (Scheffer et al., 2001). In their paper, Scheffer et al. (2001) identify three main 
aspects that are common among regime shifts. These include: (1) the differences 
between states which are characterised by shifts in dominance among organisms with 
different life forms (2) state shifts which are usually triggered by stochastic events 
and (3) the biological, physical and chemical mechanisms which determine feedbacks 
which stabilize different states.  This can be seen in a number of ways within the local 
context. Examples include, when alien species establish themselves and become 
dominant within a habitat, or when human activities disturb natural processes such as 
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the salinisation of groundwater through over-abstraction of water which could in turn 
harm soils and the ecological communities.  
 
External conditions which shape ecosystems change gradually with time (Vitousek et 
al., 1997, and Tilman et al., 2001 in Scheffer et al., 2001). These include climate, 
nutrient or chemical inputs, groundwater reduction, habitat fragmentation as well as 
harvest or loss of species diversity. Ecosystems can respond in three ways, with two 
of these being (i) a smooth, continuous response in relation to the conditions; and (ii) 
an inert relationship with strong responses when conditions reach critical levels. Both 
of these, if depicted diagrammatically, produce curves which progress along the X- 
axis, according to the changing conditions, with the Y- axis representing the 
ecosystem state (Figure 2.11 a & b). The third type of response occurs when the 
response curve is “folded” backwards (Figure 2.11 c). This would be indicative of an 
ecosystem having two alternative stable states “separated by an unstable equilibrium 
that marks the border between the ‘basins of attraction’ of the states” (Scheffer et al., 
2001).  
 
Subsequent to changing conditions, a combination of feedback processes becomes 
established within the system (SRC, 2012a). This allows the system to reorganise 
itself into its regime with dominant feedbacks which are self-reinforcing and 
enhancing the persistence of the system’s state. This notion can be applied to systems 
both before and after disturbances. 
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Figure 2.11: Ecosystem equilibrium states depicted against changes in conditions. 
The arrows indicate the direction of change. The dashed lines in the bottom diagram 
represent the border between basins of attraction (source: Scheffer et al., 2001) 
 
For a shift to occur between one state and another, the change in conditions needs to 
be sufficient (Scheffer et al., 2001). Such change could lead to a ‘catastrophic’ 
transition. Such transitions take place abruptly, making any form of detection difficult. 
Any attempts to change to the previous state should resort to changing the conditions 
not as they were at the switching of the states, but beyond. Switches between different 
states can occur at different critical conditions and this phenomenon is known as 
hysteresis (Scheffer et al., 2001). Shifts towards an alternative state can be triggered 
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by stochastic events such as storms or any other event which can contribute to a 
significant change in conditions outside and within the system, thereby resulting in 
the state shifting from one attraction basin to another. Thus, in management, avoiding 
change in ecosystem processes and mechanisms would be more effective than 
ecosystem restoration once shifts have occurred. This avoidance would require a 
better understanding of the system and its mechanisms (Scheffer et al., 2001 in 
Nyström et al., 2008). 
 
Regime shifts can undermine ecosystem services, while at the same time possibly 
resulting in the exacerbation of drivers of global change, which in turn can result in 
other impacts such as further regime shifts (Rocha, 2010). An example of this 
includes the degradation of an ecosystem’s capacity to absorb and retain nutrients as a 
result of their transformation into large-scale and low-diversity agricultural 
landscapes (MEA, 2005). Global change drivers are capable of triggering regime 
shifts from the micro (or local) to the macro (or global) scale. Regime shifts, which 
might seem insignificant at lower scales, are able to cascade bringing change at the 
higher scales (Figure 2.12) (Rocha, 2010).  
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Figure 2.12: Impacts across scale, note the various drivers (source: Folke et al., 
2011)  
 
Direct drivers influence ecosystem services (discussed in next section), while indirect 
drivers influence direct ones (Nelson, 2005 in Rocha, 2010). The main direct drivers 
are considered to be climate change, nutrient pollution, land conversion, resource 
overexploitation, invasive species and diseases (MEA, 2005 in Rocha, 2010). 
Demographic and economic drivers, socio-political, scientific and technologic drivers 
together with cultural and religious drivers all act as indirect drivers which influence 
the system (Nelson, 2004 in Rocha 2010). Anthropogenic drivers of change include 
resource exploitation, pollution, land-use change, climatic impacts and the alteration 
of disturbance regimes (Folke et al., 2004 in Rocha, 2010). Climate change, harvest 
and resource consumption, and external inputs (such as pollution) can be considered 
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as significant global change drivers of regime shifts (Rocha, 2010). Table 2.1 
summarises the aspects which are mainly affected by regime shifts.  
 
Table 2.1: Main aspects mostly affected by regime shifts based on Rocha (2010) 
(source: author, 2013) 
 
Biodiversity (further discussed in 2.3.9.1) is the source of species and genetic trait 
variation necessary for the functions which contribute to ecosystem services (Jansson 
& Polasky, 2010). Unless alternative species are available, a decline in biodiversity 
will result in a decline in services (Jonasson & Polasky, 2010). This highlights the 
significance of resilience within ecosystems. Soil salinisation, bush encroachment and 
fisheries collapse can be considered as major starting points of cascading effects of 
regime shifts on global drivers. Agricultural drivers of regime shifts and those drivers 
associated with demographics and economics are associated with strong pathways of 
change (Table 2.2).  
System aspects Main aspects affected by regime shifts 
Land-use Fisheries, areas of conservation, large scale commercial 
crops and cultivation  
Ecosystem service Biodiversity  
Ecosystem processes Primary production, nutrient cycling and water cycling  
Marine and coastal ecosystems Freshwater lakes and rivers  
Provisioning services  Fisheries, wild animals and plant foods  
Regulating services Water purification, climate regulation and regulation of soil 
erosion  
Cultural services Recreation, and aesthetic values  
Human wellbeing Livelihoods and economic activity, and food and nutrition  
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Table 2.2:     Global change drivers vs. regime shift drivers (source: Rocha, 2010) 
Global 
change 
drivers 
Resource 
exploitation 
Pollution Land-use change Climate 
impacts 
Alteration of 
frequency 
disturbance 
Alteration of 
biodiversity 
Demographics Economics 
Regime 
shift 
drivers 
Grazing Nitrogen/Phosphorus 
fertilization 
Deforestation Change in 
temperature 
Erosion Introduced 
animals 
Human population 
growth 
Global movement 
of resources 
Soil exploitation 
(agriculture) 
Heavy metals and 
persistent organic 
pollutant 
Fragmentation Change in CO2 
in the 
atmosphere 
Modified fibre 
regimes 
Introduced plants Consumption patterns Perverse incentives 
Logging Sewage Unbanisation Change in CO2 
in the oceans 
Irrigation Loss of herbivores   Subsides 
Hunting   Conservation to 
crops (Agriculture) 
Change in 
droughts and 
floods 
Sedimentation  Loss of predators   Tragedy of the 
commons 
Dry out aquifers   Impoundment Water 
stratification 
Tides frequency Loss of organic 
soils 
  Demand for food 
and fibre 
Fishing   Infrastructure (roads, 
electricity grids) 
Upwellings Flushing 
    Poverty 
Irrigation       Technology       
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2.3.7 Ecosystem services 
Ecosystem services can be defined as the “direct and indirect benefits that humans 
obtain from nature” (Boffa, 2010). Such services sustain human life and are classified 
by the Millennium Ecological Assessment (MEA) (2005) as provisioning, regulating, 
cultural and supporting services. People depend on such services for their economic 
and social well-being, thus the interactions that result from this “depend[ence] on the 
flow of ecosystem services” (MEA, 2005) can change the ecosystem’s functioning 
and its resultant services thereby having a direct impact on human well-being. 
Ecosystem services should be considered when assessing resilience of a system since 
system degradation could lead to loss of these services. Attempts to increase the 
benefits from the services have led to 60% degradation of the said services (MEA, 
2005). Such degradation poses significant pressures on the sustainable use of the 
environment and its resources.   
 
Ecosystem Services 
 
Supporting 
 Nutrient cycling 
 Soil formation 
 Primary production 
 
Provisioning 
 Food 
 Fresh Water 
 Wood & Fibre 
 Fuel 
Regulating 
 Climate regulation 
 Flood regulation 
 Disease regulation 
 Water purification 
Cultural 
 Aesthetic 
 Spiritual 
 Educational 
 Recreational 
 
Figure 2.13: Ecosystem services (source: adapted from MEA, 2005)  
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2.3.8 Social-ecological systems (SESs) 
Social-ecological systems (SESs) are systems resulting from the interaction of cultural, 
political, social, economic, ecological, technological and other components. “[SESs] 
emphasise the ‘human-in-nature’ perspective in which ecosystems are integrated with 
human nature” (Resilience Alliance, 2010). Walker et al. (2004) attribute robustness, 
vulnerability and risk as the main characteristics of SESs.   
2.3.8.1 Thresholds 
Thresholds exist for social and economic aspects of SESs, where cultural constraints 
determine social configurations necessary for management of ecological aspects 
(Walker et al., 2006). Social values may prevent changes to agricultural practices, 
which would assist in the reduction of pollution.  This results from the fact that human 
actions are determined by underlying social values, thus it might be difficult to change 
harmful practices, especially if these values support those practices in a direct or 
indirect manner. This can be explained using Anderies’ example (2005), if society 
focuses merely on the financial gain that can be obtained from natural resources while 
opposing the necessary change in their way of life, the agricultural systems will 
continue to degrade and result to further salinisation of the land. Ecological 
configurations may also impact society in the same manner; the threatened loss of 
endangered species may change or limit land-uses (Walker et al., 2006).    
 
Understanding system processes and the way these are interlinked and affect each 
other is thus vital, especially if these are disturbed to an extent that thresholds may be 
exceeded resulting in changes of such a degree that they become irreversible (Walker 
et al., 2009). Such changes could thus harm the region at both anthropogenic as well 
as natural levels. Human action is capable of altering ecosystem support from the 
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local to the global scales, especially since SESs are dynamic and connected via 
complex webs. The latter do not only result from ecological processes, but also result 
from emerging markets and the flow of resources among others (Figure 2.14 a & b) 
(Folke et al., 2011). In a globalized world, flows of resources, people and information 
serve to create new cross-scale linkages and feedbacks, thereby connecting people and 
places and also shaping the biosphere’s capacity to sustain human wellbeing (Folke et 
al., 2011).  
 
 
 
 
 
 
Figure 2.14: The hierarchies of SESs and some ways in which these are linked.  
The cycles depicted in Figure 2.14b are known as adaptive cycles and described in 
section 2.3.8.2 
(source:http://origin-ars.els-cdn.com/content/image/1-s2.0-S0921800905002028-
gr2.jpg, below http://www.cairn.info/revue-natures-sciences-societes-2009-2-page-
185.htm) 
 
Figure 2.14a 
Figure 2.14b 
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2.3.8.2 Adaptive cycle  
SESs undergo an adaptive cycle whereby the system goes through four phases namely 
a growth and exploitation (r) phase, a conservation (K) phase, a release (Ω) phase and 
a reorganisation (α) phase (Figure 2.15).  These phases represent the various 
processes, triggered by change, occurring within a system (Walker et al., 2004).  
 
Figure 2.15: A diagram representing the adaptive cycle at various scales (source: 
Resilience Alliance 2010) 
 
Example 5: The pine forest area 
The adaptive cycle may be explained using the following pine forest example. The 
first phase (r phase) can include the establishment and thriving of a pine forest in an 
area. As the pine forest becomes the dominant feature of a system, it moves towards 
the K phase whereby the resources of the system become locked up. Thus the 
nutrients will be trapped within the trees. In this phase, the system becomes less 
flexible and responsive to external shocks and leads eventually to the chaotic collapse 
and release (Ω) phase where the resources are made available thereby allowing for the 
system to proceed to the reorganisation (α) phase. This reorganisation can either 
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progress in a similar manner as the previous (r) phase, or it could progress in a 
different manner (Holling, 2004).   
 
In the release (Ω) and reorganisation (α) phases, the system is at its most vulnerable 
state, since the impacts from the relationship between the concerned system and 
others become more pronounced (Walker et al., 2006). Holling (2010) describes the 
first two phases (the ‘front loop’) as predictable with higher degrees of certainty, 
while the latter two phases as unpredictable and uncertain.  
 
Walker et al. (2006) identify a number of variations within the adaptive cycle. 
Examples include: (i) the lack of a release (Ω) phase involving the loss of capital, 
such as the transition from a bog to a forest resulting from the accumulating substrate 
and decreasing water and which can result in a transition without the loss of nutrients, 
(ii) the absence of a conservation (K) phase, which can result from an external 
disturbance being too large to be absorbed in the (r) phase of the cycle, (iii) a lack of 
emerging structures, which can occur when a severe disturbance during 
reorganisation takes place, causing the system to enter a state of disorder, and (iv) 
persistent phases, where systems can persist between (r) and K phases as a result of 
the utilisation of resources to buffer the system from changes by adapting and 
maintaining its structure.  
 
Cross-scale interactions can also determine the trajectory of adaptive cycles at the 
focal scale, since higher level cycles can determine what happens at lower levels 
(Walker et al., 2006). The higher level cycles can provide ‘memory’ or ‘learning’ to 
influence lower scales by adopting or avoiding new trajectories. Change resulting 
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from lower level cycles can occur if these take place in a synchronised fashion or if 
these are tightly interconnected. In addition, SESs can be determined and understood 
by analysing five key variables – known as the ‘rule of hand’ (Yorque et al., 2002 in 
Walker et al., 2006). Such variables can influence the overall dynamics of a system 
and can be described as slow and fast variables. Slow variables change at lower rates 
and normally include ecosystem variables such as soil, sediment concentrations, and 
long living organisms or social variables such as culture. Fast variables can include 
rapidly changing technology (Walker et al., 2006). Cross scale interactions can cause 
change in a slow variable at a regional scale causing a change in slow variable at a 
landscape scale (Figure 2.16) (Walker et al., 2009). Such a cycle occurs at various 
scales, and within SESs, these cycles interact with each other to create panarchies 
(Walker et al., 2004). 
 
 
 
 
 
Figure 2.16: Slow variables that can interact to cause change and impact resilience 
over a number of scales (source: Walker et al., 2009) 
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2.3.9 Biodiversity, connectivity and spatial heterogeneity  
Biodiversity, connectivity and spatial heterogeneity and can be considered as 
cornerstones of resilience (Nyström et al., 2008). Nyström et al. (2008) make 
reference to engineering resilience (Holling, 1996; Gunderson 2000), and ecological 
resilience (Walker et al., 2004). In engineering resilience, resilience has been defined 
as the return rate to equilibrium from disturbance (Holling, 1996 in Folke et al., 2010). 
Although both ‘forms of resilience’ are similar, ecological resilience acknowledges 
the possibility of alternative stable states which can be maintained as a result of self-
reinforcing feedbacks (Nyström et al., 2008). It delves into reorganisation rather than 
recovery (Nyström et al., 2008).  Referring to Gunderson, 2000; Nyström and Folke, 
2001; Folke, 2006 and Norberg et al., 2008, Nyström et al. (2008) state that 
ecological resilience allows for an adaptive capacity within ecosystems in response to 
change. Such a capacity could thus ensure the continual resilience of a system in light 
of its constant, yet gradually changing pressures.  
2.3.9.1 Biodiversity 
When discussing the role of biodiversity as a contributory factor to resilience, 
Nyström et al. (2008) focus on the different roles this plays within ecosystem 
processes, mainly, functional groups. Such an approach focuses on diversity and 
identities of species. Functional groups can provide stability through response 
diversity and redundancy. Response diversity is the range of responses of ecological 
species contributing to the same ecological function (Elmqvist et al., 2003 in Nyström 
et al., 2008). In this form of diversity, there is a correlation between the number of 
species and diversity of responses within functional groups. Redundancy refers to the 
ability of a functional group to provide services notwithstanding the loss of species 
resulting from the functional complementarity among species (Walker, 1992 in 
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Nyström et al., 2008). However, for response diversity and redundancy to improve 
stability, species must be able to have ‘inter-changeable’ roles. If this is not the case, a 
high response diversity within a group will not be able to contribute to resilience 
(Nyström et al., 2008).  
 
Nyström et al. (2008) further add that if species performing a similar function are 
present at a similar scale, “within-scale” redundancy is strengthened. However, this 
can have a negative impact if one keeps in mind the competition between species for 
the same resources (Hooper and Vitousek; 1998 in Nyström et al., 2008). Thus, 
redundancy at the same scale can also act as a contributory factor to inhibit resilience. 
If species of the same functional group operate at different spatial scales, competition 
is reduced while stability is reinforced. This results from the functional overlap 
operating across scales (Peterson et al., 1998 and Allen et al., 2005, in Nyström et al., 
2008).  
2.3.9.2 Connectivity 
Nyström et al. (2008) state that connectivity between associated ecosystems can 
enhance resilience since, in the event of disruptions, the links allow for the 
maintenance of genetic material, the preservation of stocks and the sharing of 
ecosystem processes (Lundberg and Moberg, 2003 in Nyström et al., 2008). However, 
the very same connectivity, that can preserve ecosystems, can itself be a source of 
disruption. This happens when stochastic 10  events cause the degradation of such 
systems and results from the fact that connectivity can enable the dispersion of 
disturbance, such as invasive species or pollutants (Nyström et al., 2008). Thus, if 
connectivity is not hindered, disturbances can travel within the system, possibly 
                                                 
10 Stochastic events are those which happen randomly such as storms 
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changing it. Connectivity therefore causes the resilience of larger scale ecosystems to 
be dependent upon the resilience of local-level (Figure 2.17). 
 
 
 
Figure 2.17: Phase shifts as determined by connectivity, heterogeneity, and varying 
levels of resilience (source: Nyström et al., 2008) 
 
2.3.9.3 Spatial heterogeneity 
Heterogeneity contributes to the unlikelihood for any disturbance to have an effect on 
the whole system. This would result from the different impacts on the various 
assemblages making up the system. While spatial heterogeneity implies that 
connectivity can be reduced as a result of the neighbouring assemblages being 
different to each other, it allows for the whole system to survive serious perturbations 
resulting from local shifts being gradually “averaged out” (Nyström et al., (2008). For 
this process to occur, a degree of connectivity has to be present to impart resilience to 
the local scale systems.  
 
2.4 Implementation 
Governance is an important aspect related to resilience, especially when considering 
the management aspect. It includes enacted laws, regulations, negotiation, mediation, 
conflict resolution, public consultations and protests, among other things, and 
50 
 
 
participation of a number of stakeholders (Lebel et al., 2006). “Good governance” is 
enabled by a number of attributes (Lebel et al., 2006)  
 
Public participation considers potential issues since different stakeholders assign 
different values to ecosystem services. Deliberation allows for open communication 
among actors, this encourages the various stakeholders to understand each other’s 
opinions and values (Backstrand, 2003 in Lebel et al., 2006). Polycentric institutions 
provide multiple centres or authorities which can tackle scale-dependent governance 
challenges and cross-scale interactions (Young, 1994; Berkes, 2002; Ostrom and 
Janssen, unpublished manuscript; in Lebel et al., 2006). Accountability is the 
obligation authorities should have, to provide information and justify the decisions 
taken, and to shoulder the responsibility in the event that these decisions are 
inadequate (Agrawal and Ribot, 1999 in Lebel et al., 2006). Social justice is 
considered as the central goal of good governance, this can be hindered by repressive 
social control, and structural inequalities of power and life circumstances 
(Swyngedouw and Heynen 2003, Barry, 2005; in Lebel et al., 2006).  
 
Lebel et al. (2006) add that resilience management lies with its actors, social networks 
and institutions; these should be capable of self-organising (i.e. able to maintain and 
recreate their identities); adapting and learning. All these factors contribute to the 
maintenance of resilience within the system. This can be seen in the capacity to build 
and maintain social and ecological diversity to ensure reorganisation after a crisis or 
the ability to understand ecological processes which can improve management 
(Holling, 1986; Walters, 1986; Berkes, 1999; Gunderson, 2000; Young, 2002; Folke 
et al., 2003; Berkes 2002; in Lebel et al., 2006). 
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Participation and deliberation are important for resilience management since these 
build trust and shared understanding brought about by the interactions between the 
stakeholders (Lebel et al., 2006). Polycentric and multi-layered institutions can 
improve the relationship between knowledge, action and socio-ecological contexts 
thereby improving management at respective levels through the establishment of 
appropriate local institutions. Polycentric institutions can apply local monitoring and 
local knowledge, whilst multi-layered institutions can address cross-level interactions 
by developing mechanisms (Cash et. al, unpublished manuscript; in Lebel et al., 
2006). Accountable authorities can be challenged by those groups which are 
negatively impacted or poorly represented (Lebel et al., 2006). Social justice for 
vulnerable groups is intrinsically important. Vulnerable groups contribute to the 
maintenance of ecological and social aspects normally ignored by mainstream society 
(Lebel et al., 2006). Thus when maintaining the above mentioned aspects, not only is 
social justice being carried out by protecting vulnerable groups, but the whole system 
can be strengthened through the preservation of important ecosystem services which 
maintain resilience.  
 
Nyström et al. (2008) quote Holling (2001) and state that resilience is difficult to 
measure as a result of its multi-dimensional nature and context dependence. They also 
mention the difficulty of studying thresholds and how such thresholds are most likely 
to be detected after they have been crossed (Carpenter et al., 2005 in Nyström et al. 
2008). Since shifts are caused by cross-scale interactions and feedbacks among 
different ecosystem elements, multiple sources of information are necessary to fully 
understand the issue pertaining to thresholds (Peters et al., 2004 in Nyström et al. 
2008). Another important issue to consider is the fact that since SES change can take 
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place at multiple scales, societies can be hindered at effectively coordinating 
responses and integrating information for the protection or management of resources 
(Galaz et al., 2010 in Folke et al., 2011). 
 
In a series of social experiments, Lindahl et al. (2012) identified that the existence of 
a potential regime shift which can affect decisions taken, in relation to cooperation 
and harvest, by resource users. Faced with a potential regime shift, the users would be 
more likely to cooperate and obtain an efficient harvest. Lindahl et al. (2012) state 
that in the absence of this, the resources shared by society will be over-exploited as a 
result of rivalry over the access to the resources amongst the members. They attribute 
this to cause a tragedy of the commons. This concept can be attributed to Hardin 
(1968), who states that as “a rational being, each [member of society] seeks to 
maximise his gain” with regard to natural resources. As this occurs, the benefits are 
felt by the individual users, but the pressures, caused by the increasing use of a 
resource, will be felt by the other members of society. In a system where everyone 
seeks personal gain, the result would be the inevitable collapse of a finite resource 
(Hardin, 1968). However, in the event that the members are aware of the danger of 
potential collapse of the system, they would be more willing to cooperate (Lindahl et 
al., 2012).  Thus the chances of the resource in question being over-exploited or 
depleted would be reduced. Face-to-face communication is also vital for cooperation 
(Kopelman et al., 2002 and Ostrom, 2006 in Lindahl et al., 2012) since group 
discussions create and strengthen a group identity and solidarity and foster 
commitments for cooperation between groups (Dawes et al., 1990; Kopelman et al., 
2002 in Lindahl et al., 2012). Cooperation and communication is determined by the 
degree of knowledge sharing. The common threat to all instigates cooperative 
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behaviour which leads to successful results (Santos and Pacheco, 2011 in Lindahl et 
al., 2012).  
 
Walker et al. (2006) consider adaptive co-management as an important factor for 
adaptive governance. It refers to the handling of multiple objectives in light of 
conflicts among stakeholders and adapting them to dynamic ecosystems (Dietz et al., 
2003 in Walker et al., 2006). Adaptive co-management relies on the collaboration of 
stakeholders with relevant backgrounds, who work and share management at various 
scales utilising dynamic learning (Walker et al., 2006, after Holling, 1978, Carlsson 
and Berkes, 2005). Global and national institutions should switch from a pattern of 
environmental destruction to long-term resilience and sustainability (Westley et al., 
2011). Sustainable strategies, creation of jobs and the need for adaptive governance 
result in a “top-down” approach to ensure long-term resilience and sustainability 
(Walker et al., 2006). However one should also consider a “bottom-up” approach by 
making use of local innovative capacity which benefits from social memory and 
learning (Westley et al., 2006). Social learning can be harnessed by engaging 
(listening and learning local ideas); educating (informing the locals); empowering 
(giving the locals tools to manage their own resources and trust in the potential); and 
encouraging (allowing diverse set of responses to emerge) (Edwards, 2010 in Westley 
et al., 2011). Incorporating experimentation, exploration and ideas derived from the 
above mentioned processes in institutions managing a system, makes room for 
innovation (Westley et al., 2011). The latter allows for the reorganisation or 
transformation of SESs when perturbations prevail. “Top-down” approaches can 
ignore learning and innovation as importance would be given to the speed of response 
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to management issues and avoidance of blame by authorities (Walker and Westley, 
2011 in Westley et al., 2011).  
 
Another approach which could be considered is ecosystem stewardship. This includes 
reducing the vulnerability to expected change; fostering resilience of desirable 
conditions; and transforming undesirable trajectories to desirable ones when possible 
(Turner, 2003; Smith and Wandel, 2006; Adger, 2006; Folke, 2006; Walker et al., 
2004; Folke et al., 2005 in Chapin III et al., 2009). Managers can manage 
vulnerability better by studying and monitoring known causes of stress, stresses and 
their impacts. Policies and projects can be implemented to ensure that: developments 
placing members of society at risk are not carried out; support is given to those 
segments of society which are constantly being affected by known stresses (Turner, 
2003; Sachs, 2005; Pinkerton, 1989; Ostrom, 2009; in Chapin III et al., 2009); natural, 
human and social resources are sustained (MEA, 2005; in Chapin III et al., 2009). To 
transform into favourable trajectories one needs to identify desirable alternative 
trajectories. This is performed by: considering the various stakeholders’ opinions and 
presenting a collective future vision (Carpenter and Brock, 2008; Galaz et al., 2008; 
in Chapin III et al., 2009); implementing the identified transformational changes in 
light of the stresses being faced by relevant institutions; and finally building resilience 
of the new governance system by the implementation of innovation and adaptive 
capacity (Chapin III et al., 2009).   
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Figure 2.18:  A diagram representing the outcomes and attributes of ‘good’ 
governance based on Lebel et al., (2006), Walker et al. (2006), Chapin III et al., 
(2009)  (source: author, 2013) 
 
Figure 2.18 is a diagrammatic representation of summarised outcomes and attributes 
of ‘good’ governance, whilst Figure 2.19 represents the various components of 
ecosystem stewardship.  
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 Figure 2.19:     The various components of ecosystem stewardship (source: Chapin III et al., 2009) 
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Building trust and generating knowledge at the local level is important during periods 
of slow change as this allows for adaptation in periods of fast change (Olsson et al., 
2007 and Barthel et al., 2010 in SRC, 2012b). This, together with the above 
mentioned factors, is an important contribution towards understanding the way 
disturbances can impact systems. It provides key actors with sufficient knowledge to 
respond adequately to these disturbances – a valuable management tool (IIASA, 
1979). 
  
2.5 Local context  
A number of factors have to be considered when shifting one’s focus towards the 
local scenario. As characterised by the rest of the Mediterranean, Maltese landscapes 
have been heavily modified by man throughout history. Main factors include 
agricultural development and significant pressures resulting from urban development 
which increases with demographic escalation. Subsequent changes in landscapes were 
determined by the various resource uses and land take-up (Cassar 2010a). 
 
2.5.1 Overview of land-use in the Maltese Islands 
In order to understand the change of landscapes within the Maltese Islands, one has to 
look at its past situation. Blouet (1964) described the population of the Maltese 
islands in the time of the Knights as “chronically unstable”. The population declined 
when unfavourable conditions prevailed and grew in times of prosperity. Needless to 
say, the piratical and Ottoman attacks on the Islands had a negative effect on the 
population. On the other hand, the improvement of the Islands’ defences and the 
building of the capital city (Valletta) during the reign of the Knights of St. John, 
brought prosperity and new employment opportunities to the Maltese. This 
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contributed to the population’s growth from 27,000 in 1590 (Blouet, 1964) to 100,000 
by the end of the 18th century (Blouet, 1989). This growth determined the settlement 
distribution pattern and subsequently also the landscape of the Maltese Islands. 
Despite the growth in urban population and increase in employment opportunities 
during the Order’s reign, agriculture remained the principal employment sector 
(Blouet, 1989).  
 
In addition, the distribution of settlements around the Islands was characterised with 
sparsely populated, if not uninhabited, coastal areas. Settlements were confined in 
close proximity to defensible areas, such as hill tops or well-defended settlements. 
Subsequently, settlements in the vicinity of such defensible areas namely, Żejtun, 
Żabbar and Qormi, grew as a result of the services (mainly provision of food) that 
they provided the Harbour area and the benefits they obtained from it (Blouet, 1964).  
A similar state of affairs existed during the British rule, with the increase in 
development around the Marsamxett Harbour area (Schembri, 2000). The 
development occurring during the post-British period is the result of economic 
diversification of the Island. This included the tourism industry, light manufacturing 
industries, maritime services as well as initiatives in the financial sectors. Such 
developments had an impact on the Island’s landscape through the extension and 
spread of built-up area, with significant development occurring towards the rural and 
coastal areas (Schembri, 2000).    
 
2.5.2 Landscape ecological approach in managing Maltese ecosystems 
Change in employment trends brought about land abandonment of cultivated areas. 
This issue plays a major role in the changing environment of the Maltese Islands, and 
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can also be considered as a contributing factor to environmental pressures. Cassar 
(2010 a) suggests the landscape approach towards managing Maltese ecosystems. 
Such an approach considers the interactions between people and the environment over 
the spatial scale. When understanding landscape use, its purpose assigned by humans 
and the evolution of the properties and land-uses along the passage of time, one will 
not only appreciate the changes that occurred and which pressured the environment, 
but also understand the humans’ dependence on their environment as well as life 
experiences of the people (Cassar, 2010 a).  
2.5.2.1 Characteristics of landscape approach 
Quoting Forman and Godron (1986), Cassar (2010 a) lists the three major 
characteristics of a holistic landscape ecological approach. These include spatial 
relations11, functional relationships12 and temporal relations13. Landscape ecology 
takes into account the concept of patches and the manner how these are connected 
with each other by means of corridors (Figure 2.22). Patches are homogeneous areas 
within a landscape that differ from the surroundings, and together with corridors are 
important features to consider when studying resilience. This is because patches are 
able to support similar assemblages or biotopes within a landscape. These vary in 
sizes, shapes and degree of isolation (Cassar, 2010a), all of which determine 
resilience. Natural processes cause various forms of disturbances (Cassar, 2010a). If 
supplemented with anthropogenic disturbances, the isolation of patches, referred to as 
fragmentation, occurs. The landscape approach can also involve restoration ecology, 
which utilises indigenous species (Cassar, 2010a). This procedure connects isolated 
patches but can allow for the restoration of fragmented habitats as well as the re-
establishment of a large scale network of ecosystems. Roadside vegetation, Prickly 
                                                 
11 Landscape structures 
12 Interactions and flow of material and energy 
13 Change of structure, characteristics and functions 
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Pear stands, rubble wall networks and archaeophytic assemblages, linkages at 
landscape level including sea-cliffs, inland sheer escarpments and adjoining ‘rdum’ or 
boulder screes, karstic pavements, valley systems, and clay taluses all provide 
corridors and linkages in the local context (Cassar, 2010 b). Since the proposed AOS 
includes a valley system, considering these features in the study would be vital since 
these can act as refugia and components which contribute to restoration ecology. 
 
Figure 2.20:      Different types of corridors (source: Cassar 2010a) 
2.5.2.1.1 Biodiversity 
The Fourth National Report to the Convention on Biological Diversity (MEPA, 2010) 
defines the island as having “a limited, yet diverse, array of ecosystems”, with a rich 
native plant and animal as well as habitat diversity. Such diversity is reported to 
contribute to the well-being of the Islands’ inhabitants. Terrestrial-wise, the 
characteristic vegetation is defined by the woody sclerophyll series. The Islands also 
host a number of other habitats characterised by unique and rare species such as 
endemic plants which are found nowhere else in the world. Species diversity is 
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considered important for its intrinsic value and the uniqueness they bestow upon 
Malta’s natural heritage. However, human well-being and quality of life is also 
improved by providing food or raw materials, clean air, the maintenance of soil 
resources and other ecosystem services. Other values include the social, aesthetic, 
recreational, educational, scientific, ecological, cultural, as well as commercial and 
economic value (MEPA, 2010). The report states that biodiversity should be 
considered in conjunction with other features of the Maltese landscape, such as soil 
and rubble walls, since these are vital for the survival of the communities themselves.  
  
2.5.3 Governance overview 
Planning laws between 1945 and 1992 are described by Aquilina (1999) as 
fragmented and lacking a holistic approach. The Development Areas Act of 1983, 
attempted to limit buildings in areas of natural beauty, such as ridges, valleys, 
foreshores and beaches. However, it encouraged sprawl by providing permits to lands 
having frontage on existing streets (Planning Authority, 1989). Subsequently in 1992, 
the Development Planning Act (DPA) was enacted, establishing the Planning 
Authority in charge of issuing development permits, the review of the Structure Plan 
and seven Local Plans, as well as the scheduling of property and issuing conservation 
orders. In 1994, an Emergency Conservation Order, related to the Bay at Ramla l-
Ħamra, was issued under Section 47 of the DPA. The Order prevented activities 
deemed harmful to the abiotic and biotic components of the Bay. Government Notice 
7 of 1995, Planning Authority-Scheduling of Property: Ramla l-Ħamra, Gozo places 
the various historical remains within the Ramla l-Ħamra under protection according to 
structure plan policies (Table 7.1 in Appendix 7). Subsequent DPA (2002) 
amendments resulted in the formation of the Malta Environment and Planning 
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Authority (MEPA). MEPA is in charge of proper planning and sustainable 
development, and controlling development in accordance to the development plans 
and planning policies in terms of the DPA of 1992. The latter indicates that MEPA is 
in charge of development control and its enforcement (Borg & Spiteri, 2010). Further 
information is provided in Appendices 1&2. 
 
2.6 Concluding remarks 
Although the resilience concept has emerged in the 1970’s it is still an evolving one. 
The fact that the subject has been tackled by only a group of authors or researchers 
could indicate that the concept is still in its infancy to some degree. Some of the 
authors’ work, consulted in this review, addressed same concepts. Therefore one 
could consider these concepts to be as sound resilience concepts. In addition, some of 
the authors have also referred to the works of others, which could suggest that these 
authors are looked upon as an ‘authority’ on the subject of resilience. Although the 
Resilience Assessment, and others like it, aims to manage and/or protect systems, it 
could also contribute to the subject of resilience as a concept. Resilience thinking 
provides a number of outcomes, which include adaptive resource management and 
governance. Active management can be considered as an important approach in 
resilience especially when conditions can cause change in the variables determining 
Maltese resources. This assessment applies the salient concepts discussed in this 
chapter.  
 
The next chapter will discuss the methodology and approach taken to collect the 
information necessary and to conduct the Resilience Assessment of the area of study.  
 Chapter 3 
 
 
Methodology 
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3.1 Introduction 
As outlined in section 1.3.1, the Resilience Assessment, indicated by Resilience 
Alliance (RA) framework has five major stages and is described as an “issue-based 
approach” (Resilience Alliance, 2010). It consists of a number of sections which focus 
on particular aspects of the study.   
3.1.1 Assessment process 
The Resilience Assessment carried out in this study was divided into three phases: the 
Preparatory Phase, the Research Phase and the Assessment Phase (Figure 3.1). These 
phases in turn consisted of a number of steps depicted in Figure 3.2. 
 
 
  
 
Figure 3.1: The three phases of the Resilience Assessment process (source: author, 
2013) 
Preparatory 
Phase 
Research 
Phase 
Assessment 
Phase 
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Checklist modified 
Figure 3.2: Flow chart indicating the sequence of the 8 simplified steps of Resilience Assessment (source: author, 2013) 
 
1. Literature review on 
Resilience Assessment 
& governance  
5a. Research on 
historical aspects and 
geo-environmental  
characteristics of site 
and related areas  
3. On-site familiarisation 
visit  
2. Design of Resilience 
Assessment Checklist 
4. Establishing the 
boundaries of AOS 
6. Population of 
the Checklist 
5b. Interviews & 
questionnaires with 
stake holders 
5c. Analysis of aerial 
photographs, maps, 
policy documents  
7. Synthesising 
findings  
8. Conclusions 
5 d. Further on-
site observations  
5b. Interviews  
questionnaires with 
stake holders 
5c. Analysis of aerial 
photographs, aps, 
policy docu ents 
5 d. Further on-
site observations 
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Figure 3.2 depicts a flowchart indicating the sequence of the 8 simplified assessment 
steps carried out during the entire Resilience Assessment process. The latter 
undertaken by the study comprised of a number of steps, mainly an initial site 
familiarisation visit, research and associated activities and the subsequent assessment 
of the findings to reach the conclusions. The preliminary on-site familiarisation visit 
(Step 3), which formed part of the Preparatory Phase, enabled the determination of 
boundaries of the study area (Step 4). Subsequently, the established boundaries, 
together with the designing of the assessment’s checklist (Step 2) guided the Research 
Phase (Steps 5a-d). Whilst, the 8 steps make up the Resilience Assessment, the 
Assessment Phase refers to the steps which would result in conclusions (Steps 6-8).  
 
3.2 Preparatory phase 
3.2.1 Literature review (Step 1) 
The first step of the preparatory phase consisted of a thorough literature review on the 
resilience concept. This review has been presented in Chapter 2. Local legislation, 
Structure Plans and Policies related to the AOS and its management were also 
reviewed (refer to Appendices 1 & 2) (Step1). 
 
3.2.2 The checklist (Step 2)  
For the purpose of this study, the methodology used was structured mainly on the 
procedures outlined in the 2010 document provided by the Resilience Alliance (RA). 
The RA framework provides several tables and key questions (prompts) which assist 
the assessor to conduct the Resilience Assessment and which guide and assist him/her 
in reaching conclusions. The latter is based on the findings. While the aim of the 
study was to carry out a full assessment, it was not possible to strictly adhere to the 
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document in view of the restricted time frame, resources and data available. Thus, for 
purposes of this analysis, a customised ‘Resilience Assessment Checklist’ 
incorporating the (1) main areas of investigation and (2) questions in the RA 
framework, was designed (refer to Appendix 10 a). A single checklist would provide 
the benefit of having a structured approach in completing a single-flow (vertical) 
exercise. The latter would consider all the aspects of the system in a single exercise 
rather than conducting several selected (horizontal) exercises. However it would still 
allow the assessor to ‘reflect and connect’ (Resilience Alliance, 2010), meaning that 
one aspect in the assessment could need to be revisited as a result of a subsequent step 
in the assessment. 
The checklist included the following:  
 identification of the main issues within the system;  
 identification of valued attributes;  
 the main uses of the system’s natural resources;  
 identification of the main stakeholders;  
 the main types of disturbances that impact the system, the affected 
components, the manner how these disturbances affect the system, and 
whether these disturbances are being managed;  
 establishment of whether a cycle which determines and alters the system’s 
states exists;  
 identification of the drivers that might cause changes in system’s state; the 
possible alternate states of the system and the thresholds that exist between 
these states;  
 identification of the governance and management determining the 
management and protection of the system. 
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3.2.3 On-site familiarisation visit (Step 3) 
A preliminary on-site familiarisation (Step 3) visit was carried out to: 
 assess the general characterisation of land use and land cover; 
 identify stratigraphic and geomorphological features; 
 identify dominant vegetation; 
 identify main issues (factors) which affect the system; 
 identify system attributes related to resilience. 
The visit also assisted in the appreciation of the visual and aesthetic values of the area, 
which is not normally established by mere literature review. 
 
3.2.4 Establishing the boundaries of the area of study (Step 4) 
The boundaries of the AOS (Step 4) were determined after conducting the on-site visit 
and a background study of the area. The set criteria leading to the choice of area for 
this assessment were the importance of the valley system due to its economic, 
geological, ecological aspects and aesthetic value, and the previous studies already 
performed on this site by other individuals and groups. These could provide 
information/baseline reference to carry out the Resilience Assessment of the area. 
This exercise is a significant step in this assessment since it determines the extent of 
the study area. While the RA framework refers to both spatial and temporal 
boundaries, the on-site assessment focused on determining spatial boundaries of the 
system.   
 
One prominent aspect of the area is the presence of the beach at the mouth of the 
valley. Since the beach has a series of dunal system and related communities and is an 
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important recreational site, sediment supply is one parameter that should be taken into 
consideration. One source of sediment supply is the run-off from the fields and valley. 
Further research indicated that Pergla Valley, which is located towards the North -
West of the system, also acts as a source of the beach sediment. Hence, for this reason 
the whole Ramla Valley (Wied1 ir-Ramla) and Pergla Valley should be considered in 
the study.  
 
In addition, the on-site visit revealed that the dunal communities were determined and 
linked to the preceding Ramla Valley system hence they are influenced by pressures 
occurring upstream. The predominant agricultural land-use, which characterises the 
whole area, is a determinant factor for considering the whole valley within the 
boundary of study. Moreover, the valley system and agricultural fields depend on the 
fresh water supply and thus the water catchment area. Therefore, the valley and its 
tributaries need to be considered as part the AOS. Water extraction from boreholes 
and private wells situated over the catchment area reduces water levels in the aquifers. 
Therefore, the utilisation of this resource all along the valley can have an impact on 
the whole system. The agricultural land can serve as a source of chemical pollution to 
the beach and ecosystems either by means of leaching of nutrient and pesticides or 
through run-off. Other considerations include the fact that the whole valley is a green 
area and provides a natural habitat for fauna and floral communities, as well as, 
providing a landscape unique in the Maltase Islands as opposed to the largely 
urbanised experience one might have on main-land Malta.  In addition, Ramla Bay, 
                                                          
1
 Wied means valley 
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also known as Ramla l-Ħamra2, is one of the Island’s main beaches which has not 
been urbanised.  
 
Subsequently, the boundary was established in a manner to include all those aspects 
defining the system. As discussed in the literature review, these various components 
can interact to create a single SES. The presence of all these characteristics resulted in 
the decision to consider the resilience of the valley system rather than just initial 
specific features identified. Apart from considering Pergla Valley (zone B), the study 
area would include Ramla Valley and part of the Xagħra and Nadur uplands from its 
embayment at Għajn Ħożna and Tal-Ħanaq (the Northern facing slopes of Ta’ Ħida 
embayment) onwards towards Ramla Bay (Zone A) (Figures 3.3 & 3.4). 
                                                          
2 Ħamra means red 
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Figure 3.3: Location of the boundaries of the area of study Ramla Valley and  its 
Bay (Zone A) and Pergla Valley (Zone B)  (source: adapted from © Mapping Unit, 
Malta Environment and Planning Authority) 
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Figure 3.4: Location of AOS (Zones A & B) in relation to the Island of Gozo (source: adapted from © Mapping Unit, Malta 
Environment and Planning Authority) 
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3.3 Research phase (Step 5) 
3.3.1 Historical and geo-environmental aspects of site (Step 5a) 
Apart from using the checklist, the study included a number of other parallel research 
activities essential for the assessment. These included the investigation of a number of 
secondary sources. Both historical and contemporary sources of information which 
might provide valuable information on the state of the system during past periods 
were investigated (Step5a).Such information is vital when carrying out an assessment 
as it enables the understanding of the system to establish its resilience. Among these 
is the ‘familiarisation’ of the valley by learning about its past, history and its historical 
monuments and its physical characteristics (Step 5a). The historical aspects were 
obtained by referring to literature available at the National Archives in Gozo (refer to 
Appendices 3 & 4),whilst the geographical information of the site was obtained by 
background study related to the Maltese Islands and specific reports on the area 
written by experts in the field (Appendix 5). Documentary sources consisted of aerial 
photographs, maps and photographs. Further details of the documentary sources and 
their assessment is given in sections 3.3.3 and 3.3.4 
 
3.3.2 The interviews (Step 5b) 
Another major aspect of the study included a series of interviews conducted with a 
number of stakeholders related to the area (Step5b). These interviews were aimed to 
obtain as much primary information as possible. The interview questions where 
determined following the literature review and review of the RA framework (refer to 
Appendix 12), these being:  
 the description of change within the valley system and whether ecological 
change has been noted; 
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 identification of any natural forces driving the change;  
 identification of resources and services derived from the area ; 
 whether human intervention to obtain such services affected the system’s 
composition and components; 
 identification of/and nature of possible threats affecting the system; 
 manner of how these threats can affect the system and whether these are 
linked with the changes; 
 identification of drivers of change and whether the area is considered as being 
susceptible to change; 
 identification of past and present initiatives to manage the area and their 
impacts; and 
 general impressions of the area. 
 
Thus, individuals representing entities in charge of management as well as individuals 
knowledgeable about aspects within the system concerned were identified. These 
individuals were identified on the basis of their contribution given by their 
studies/literature results and or/ involvement with the management of the area, their 
expertise on the subject matter and their role and responsibilities within the entities 
they represent. The course of the research also necessitated interviews with 
individuals related to the specific fields of responsibilities such as the Malta Resource 
Authorities (MRA) representatives. Table 3.1 lists the formal interviews carried out 
throughout the research process. Such interviews were carried out after prior 
appointments done with each respective individual or (groups). Although the 
interview questions had been set in advance, the interviews were of a semi-structured 
nature. All interviews were carried out at the respective offices of the 
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individual/groups with the exception of two, which were carried out a private 
residence and over the internet, respectively. The interviews which lasted between 30 
minutes to 1 hour, were all recorded and typed with transcripts used for purposes of 
analysis. 
 
Interviews with stakeholders held in July-August 2013 
Foundation/Authority represented Conducted on  
Formal Interviews 
Gaia representative, Gaia Foundation, the NGO managing the 
bay and sand dunes.   
18 July 2013 
MEPA Environment Protection Officers, in charge of 
management within the area. 
22 July 2013 
Engineer and representative of Eco-Gozo Regional 
Development Directorate, Ministry of Gozo, in charge of 
management of area. 
25 July 2013 
Hydrologist & Head, Water Policy Unit Ministry for Energy 
and Conservation of Water (MRA representative) and 
Projects Officer, Ministry for Energy and Conservation of 
Water (MRA representative). 
29 July 2013 
Environmental Consultant – Freelancer and former Xagħra 
resident. 
13 August 2013 
University academic - Institute of Earth Systems, UOM, 
specialising in beach management. 
16 August 2013 
Internet Correspondence 
Agricultural expert, responsible for the Xewkija Government 
Experimental Farm. 
28 July 2013 
 
Table 3.1: Interviews held with stakeholders (source: author, 2013) 
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During the interview with Eco-Gozo representatives, Ministry of Gozo, an enquiry 
was made to obtain possible names of key individuals related to the agricultural 
industry, such as officers who liaise with the farmers; however, according to the 
representative, these would only be available throughout the last quarter of the year, 
thus making them unavailable for the interviews. No reasons were given. 
 
Though interviews with farmers were also planned and attempted, time constraints 
and lack of available participants prevented the exercise. In fact, while efforts were 
made to locate farmers during site visits, none were present on site except for one 
occasion. A possible reason could be that since the number of full-time farmers has 
decreased in Gozo, agricultural land is being worked by part-timers. The latter, 
possibly attend to their fields during the weekends and in the evenings. In fact, only 
5% of the labour force comprises full time farmers and contract workers only work 
during the harvest period (NSO, 2012 a). On one occasion (16th August), three 
farmers were working in their field located very close to Ramla road, two were 
repairing the Arundo donax wind breakers, whilst the other was repairing the rubble 
wall; however they were very hostile and refused to participate in the interview. 
Moreover it was not possible to obtain a list of land owners thereby compounding to 
the difficulty to identify participants. The guided questionnaire which was intended 
for such interviews is being presented in Appendix 11.   
 
3.3.3 Obtaining maps & aerial photographs (Stage 5c) 
Part of the research involved spatial and temporal analysis which was carried out 
using two main resources, namely maps and aerial photographs (Step 5c). The time 
span would range from the present to as far back in time as possible given the 
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available resources. Map assessment included 18th century, early 20th century, 
1940's, 1968, and 2004 maps. The maps for the first two periods were obtained from 
the National Archives, Valletta. The 1940’s and 1968 maps were obtained from the 
Public Works Division, whilst those of 2004 were obtained from MEPA. The 2004 
maps were the most recent maps available for the public. The aerial photographs were 
from the years 1957, 1978, 1998, 2004, 2008 and were all obtained from MEPA. 
These photographs provided an even greater amount of detail than the maps, since 
these provide a literal snapshot of the AOS across time. The characteristics of the 
fields and the extent of vegetation are some of the details provided by the 
photographs. Since the aerial photographs were fragmented, these had to be merged 
using Photoshop, to create one photo for the period in question. Such a task proved to 
be somewhat laborious and time-consuming. 
3.3.3.1 Analysis of maps and aerial photographs 
Subsequently, the maps from different time periods were compared to each other, to 
deduce whether any changes occurred over the time of analysis, to identify the 
changes, and the degree of change involved. The aerial photographs were analysed in 
the same manner. Any changes or observations were noted and documented in 
preparation for the assessment and analysis section of the study. Though the use of 
Geographical Information Systems (GIS) and other software tools could have aided in 
the analysis, time constraints did not permit the inclusion of such analysis in this 
work. Nonetheless, the use of such tools to quantify changes may be seen as a project 
for future studies thereby consolidating this Resilience Assessment. In addition, 
MEPA local plans were also used in the assessment (Appendix 9). The fact that the 
aerial photographs were of a high quality, allowed ‘zooming in’ on particular features 
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without the loss of definition, hence enabling an assessment of the physical 
characteristics of the valley system.  
 
3.3.4 Further on-site visits and digital photos (Step 5d) 
The assessment was also supplemented by direct observation of the AOS carried out 
through several on-site visits during the months of July and August. In the process, a 
series of photographs were compiled to visually document the valley (Step5d). The 
digital photographs were taken using a Canon Camera model 600 D EOS. Photos 
taken included detailed panoramic views of the whole valley system, serving as a 
record of the current state of the system (as of summer 2013). The digital photos, 
were taken from nine vantage points namely, Ramla Valley, Ta’ Għajn Qasab, 
midway the Ramla Valley, Triq ta’ Ħida overlooking tal-Ħanaq, Ta’ Lagan, Ta’ 
Gajdoru, Ta’ Marin, Għar ta’ Calypso and Wied il-Pergla (Figure 3.5). These also 
facilitated further identification of ecological communities and vegetation species and 
reduced the number of repeat visits required for this purpose. Konus 2032x10 
magnification binoculars were used to assist in the identification of the vegetation. 
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3.4   
 
 
3.4 The assessment process 
3.4 Assessment phase (Steps 6-8) 
The subsequent compilation of relevant research and information obtained from the 
interviews and questionnaires, map and aerial photography assessment and digital 
photos was then used to populate the checklist (Step 6). This enabled a preliminary 
analysis of the system’s resilience and of related factors. Table 3.2 shows details of 
the eight steps involved in the assessment process, the resources used and the 
respective deliverables. Subsequent to the synthesis of the observations and findings 
(Step 7) the relevant conclusions and recommendations were drawn (Step 8).
2
1 
1
1 
3
1 
4
1 
5
1 
6
1 
7
1 
9
1 
8 
1 Vantage points 
1   Ramla Valley 
2   Ta’ Għajn Qasab 
3   Ramla Valley mid-way 
4   Triq ta’ Ħida  overlooking  
tal-Ħanaq 
5   Ta’ Lagan 
6   Ta’ Gajdoru 
7   Ta’ Marin 
8   Għar ta’ Calypso 
9   Wied il-Pergla 
3
1 
Figure 3.5: Location of the nine vantage points (source: author, 2013) 
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Steps of Assessment Resources Deliverables 
1. Literature Review Articles, policy documents Background to research, preparatory work for an understanding 
of the assessment. 
2. Design of Resilience Assessment Checklist Resilience Alliance (2010) Workbook Checklist based on RA framework to guide the analysis in 
terms of what factors to study; as well as facilitate the 
discussion of these points. 
3. Site pre-assessment of physical 
characteristics of site 
Relevant reports on site’s geo-environment, 
checklist, Konus 2032 x10 magnification 
binoculars 
Obtaining an understanding of the site; identification of the 
characteristic features; amendment of checklist as necessary. 
4. Establishing the boundaries of AOS of study Observations from previous step Extent of study area; clarification of the factors that should be 
looked into in the subsequent research; determination of site 
boundaries 
5a. Research on historical aspects and 
characteristics of site and related areas 
Past studies (e.g.. Borg Axisa, 2002; Scerri, 
2003), articles, old photographs, historical 
sources 
Detailed description of site of study including: geology, 
hydrology and hydrogeology, pedology, land-use, and 
vegetation, aspects of management within the Ramla 
beachhead. 
5b. Interviews and questionnaires with 
stakeholders 
Representatives namely from GAIA 
Foundation, Eco-Gozo, UOM, MEPA, 
MRA, environmentalists 
Transcripts of interviews containing information directly from 
stakeholders. The information was related to threats, change 
and management occurring within the valley. 
5c. Analysis or aerial photographs, maps, policy 
documents 
Aerial photographs of areas under study 
from 1957, 1978, 1998, 2004, 2008. Maps 
from the 18th century, early 20th century, 
1940's, 1968, 2004 
Observations derived from comparison of both sets of data, 
including changes in field structure or size, and the extent of 
vegetation spread or change in location 
5d. Further on-site observations Canon Camera model D EOS,  Konus 2032 
x10 magnification binoculars 
Investigation of vegetation communities, photographs 
6. Population of   Resilience Assessment 
Checklist 
Data collected and research done Populated checklist 
7. Synthesising findings Checklist details Determination of the state and level of resilience within the 
AOS using the checklist. 
8.  Conclusions Observations from previous step Conclusions with regard to resilience of system, effectiveness 
of management and suggestions for action 
1http://www.iconarchive.com/show/circle-icons-by-martz90/camera-icon.html
Table 3.2: Details of the steps of the assessment process (source: author, 2013) 
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3.5 Limitations of the study 
The limited time frame restricted available resources and the ability to conduct in-
depth investigation. Ecological analysis was restricted to terrestrial flora with marine 
flora and fauna and terrestrial fauna excluded from the study. Vegetation 
identification was not carried on field trips using belt transects but through direct 
observations from certain vantage points and using digital photography. Though, 
results could be tabulated, it was not possible to conduct comparisons with prior field 
work on the area. Although the assessment could be carried out, direct comparisons 
(species by species) could not be carried out. The time constraints prevented the use 
of Geographical Information Systems to map the features and physical pressures and 
to quantify change.  
 
3.6 Difficulties encountered 
The main difficulty encountered in the research phase was establishing firm 
appointments for interviews as these were contingent on respondent availability. This 
was particularly challenging since interviews were carried out during the months of 
July and August, when many individuals are likely to be on holiday or away from 
their offices. Several attempts were also made to conduct interviews or meetings with 
farmers, but the only three encountered were hostile and refused an interview. In 
addition, difficulty in identifying land owners of the fields was encountered. This was 
due to lack of information available, inability of interviewees and other individuals to 
identify such owners, hostility of locals when enquiring on the site and weariness on 
trespassing private land. Accessing private property without prior approval was not an 
option; hence, in such cases, vegetation identification could only be done on the basis 
of photos taken during the field visits. 
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The next chapter will address the Resilience Assessment, results including the on-site 
observations, consideration of the information derived from the interviews and 
comparative studies of aerial photographs and maps of the area, making reference to 
relevant policy documents and management implemented.  
 
 Chapter 4 
 
 
Results and Analysis 
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4.1 Introduction 
This chapter shall present the results of direct observations, and analysis of maps and 
aerial photographs. The analysis and information derived from the interviews were 
used to populate the Assessment Checklist. The latter, which is being presented in this 
chapter as part of the results, contributes to the final conclusions relating to the 
system’s resilience. Suggested courses of action which can improve the system and 
which can help in striking a balance between natural and anthropogenic systems are 
being included at the end of the Chapter. 
 
4.2 Comparative assessment of maps  
The 17th, 18th and 19th century maps of Gozo provide little information on the state of 
the land since these only provide topographical information. Comparisons of the 
1940s, 1965, and 2008 Ramla Valley and Pergla Valley maps (Appendix 16), reveal 
that the areas have undergone minimal changes with respect to field outlines. 
Delineations within certain fields no longer appear in subsequent years. This could be 
indicative of the amalgamation of some fields or changes in fields’ internal structures 
to allow for new agricultural practices. With the exception of fields at the back of the 
dune area, the area appears to have sustained minimal changes in land parcelling and 
physical development over the past 70 years. This contrasts with the land 
fragmentation noted around the Maltese Islands, which is mainly a result of 
inheritance laws (C. Cassar, 2012). Extensive areas within Ramla Valley are 
Government property (Borg Axisa, 2002), possibly explaining the lack of boundary 
changes and minimal land fragmentation. On the other hand, the valley might have 
changed with respect to other aspects, not reflected in maps. 
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4.3 Comparative assessment of aerial photographs  
This section describes the main findings of the comparative study of the aerial 
photographs of the AOS for years 1957, 1978, 1998, 2004, 2008 which are depicted in 
Plates 4.1-4.9. Plates 17.1-17.4 in Appendix 17 represent the photo-merge of the 
whole area for years 1957, 1978, 1998, and 2004 respectively. 
 
4.3.1 Limitations of aerial photographs 
The equipment used to capture imagery for 1957 and 1978 had a number of 
limitations which rendered interpretation difficult. The low contrast between light 
colours in the former set of imagery prevented the distinction of land topography. 
However, comparisons of vegetation cover1 could still be carried out due to the 
photograph’s sharp contrast depicting the features within the photographs. Although 
the vegetation cover did not contrast clearly with the rest of the fields, nonetheless, 
the 1978 photograph enabled elevation perception and identification of fields. These 
limitations do not apply to the most recent photographs for years 1998, 2004 and 2008 
(Plates 4.3-4.5 & Plates 4.7-4.9), which were taken in colour.  
 
                                                 
1 Vegetation cover in this chapter refers to cover by trees and shrubs 
86 
 
 
 
 
87 
 
 
 
 
88 
 
 
 
 
89 
 
 
 
 
90 
 
 
 
91 
 
 
 
 
92 
 
 
 
93 
 
 
 
 
94 
 
 
 
95 
 
 
 
4.3.2 Ramla Valley and Pergla Valley  
The main observations emerging from the comparative aerial photograph exercise of 
the Ramla Valley showed that most of the agricultural land holdings remained 
unchanged. On the other hand, vegetation cover on the Western sides of the valley 
beneath the escarpment increased significantly between 1957 and 2008. Increase in 
vegetation cover, observed between 1978 and 1998, could be also noted on the 
Eastern embayment of Ta’ Ħida and along the Eastern escarpment. This could be the 
result of land abandonment or the transformation of land for bird-hunting purposes 
rather than agricultural land.2 In a telephone conversation Dr Joe Borg, a former 
afforestation officer for Malta, explains that during the post-Independence period 
(post-1964) in Malta, many Eucalyptus trees were given free of charge to all 
interested parties. These were planted to augment the Islands’ greenery and attract 
tourists (J. Borg 2013, pers. comm., 7 Aug.). The Eucalyptus tree was preferred over 
other species due to its rapid growth rate. Borg also mentioned how farmers in Ramla 
chose to convert unprofitable shallow-soiled dry irrigation land in order that they 
could rent these out to bird-hunters or other users interested in using these groves.  
The areas beneath the escarpments and the hillside, which form part of the upper 
reaches, can thus be considered as the most vegetated areas of the system. Aerial 
photographs indicate that by 2004, these areas provided important habitats for the 
maquis communities, thus contributing to the resilience of the communities. 
  
Borg Axisa (2002) states that land abandonment is concentrated in the upper reaches 
of the valley, as opposed to the larger fields located in the low lying areas which are 
still in use for agricultural purposes. Borg Axisa (2002) attributes this to field 
                                                 
2 Lands which is cultivated is indicated by the clear rows of cultivated crops or bare soil, while 
abandoned or transformed land is characterised by thick vegetation cover 
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accessibility or higher moisture levels at the lower parts of the valley. Both aspects 
can impact the system’s resilience. Limited fields’ accessibility and reduction in soil 
water capacity in upper reaches of the valley, decreases agricultural resilience since 
these will hinder the effective management and implementation of agricultural 
activities. The fact that areas beneath the escarpments have undergone transformation 
might indicate the difficulty of cultivating them.  
 
Both land abandonment and transformation can be defined as man induced system 
transformations towards alternate stable states. Land abandonment and the conversion 
of land for hunting purposes might have an impact on the resilience and other aspects 
of the focal system. Eucalyptus trees planted by bird-hunters or land-owners, for 
example could impact on water resources, as a result of intercepting water flow, and 
potentially impact soil quality. (Borg Axisa, 2003) also notes that some planted 
groves contained water reservoirs and ponds, indicating that these place further strain 
on already limited water resources. Eucalyptus leaves are allelopathic in nature, thus 
downward movement of leaf litter may have a negative impact on the soil of 
neighbouring fields or ecologic systems. While Eucalyptus is also known to propagate 
by means of water, no known instances of natural propagation have been documented 
in the (L.F. Cassar 2013, pers. comm., 23 Sep.). 
 
When considering land abandonment and the subsequent take-over by vegetation, the 
resilience of former agricultural land will be low, since the establishment of natural 
communities is not being hindered by agricultural practices. Thus agricultural land 
stability is only brought about through maintenance of the land by man. However, 
throughout the years natural communities managed to establish themselves along 
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abandoned agricultural land. Land abandonment is the result of the agricultural 
system’s low resilience in light of pressures faced by farmers. The subsequent take-
over of land by natural vegetation can enhance the ecological system’s resilience. 
Vegetation can prevent soil erosion and provide wild life habitats (refer to sections 
4.5.1 and 4.7 for further discussion). Borg Axisa (2002) adds that Olives and Carobs 
enable the recharge of groundwater resources. When considering the areas behind the 
beach, vegetation growth was observed throughout 1957-2008, mostly after 1978.  
 
The aerial photographs showed that Pergla Valley was exposed to minimal change 
throughout the period in question. However, between 1978 and 1998, two fields 
spanning the whole valley floor were taken over by dense vegetation. This could 
possibly hinder sediment run-off. The rest of the agricultural fields seem intact and 
appear to be still mostly in use. The current state of the valley indicates that a 
proportion of its floor is covered by Arundo whilst its valley sides are covered by 
relatively dense maquis vegetation. 
 
4.3.3 Ramla Bay  
The extent of the beach system appears to have remained similar; an exception being 
the period between 1998 and 2004, when the Western side of the beach appears to 
have grown to a slight degree. While such changes could be due to seasonal and inter-
annual cyclical changes, the relative lack of overall change could indicate that 
sediment dynamics have remained stable over the years. In addition, the vegetation 
cover in the vicinity of the dune, located on the Eastern side of the beach, has grown 
to some extent over the period of analysis, possibly stabilising the dunes further. 
When comparing the textures of the land cover behind the dunes from the1978 and 
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2008 photographs, one can conclude that, whereas Arundo currently dominates the 
respective area, it was less pronounced in 1978. Thus, Arundo’s encroachment on the 
dunes is a relatively recent development. Two possible reasons for such a change is 
that in previous years Arundo was still being used as a resource and that most of the 
land was still being used for agriculture. 
 
The system’s physical structure has also remained largely unchanged with the 
exception of the: addition of the new road system apparent between 1957 and 1978; 
development of the lodge close to the beach (apparent in the 1957 photograph Plate 
4.1); road works close to the lodge between 1978 and 1998; gradual development of 
the settlements around the valley and edges of the catchment area which ended by 
1998; addition of the Nadur Cemetery observed in 2008 photograph (Plate 4.5). The 
fields, wall and path systems are similar from one period to the other.   
 
4.4 Observations from vantage points 
Observing the valley system from several vantage points (Plates 4.10-4.15) enabled 
the appreciation that the valley system in its entirety as a valuable environmental 
component. Considered as aesthetically pleasing by both locals and foreigners, the 
valley system is considered a characteristic landscape of rural Gozo. The on-site 
familiarisation visit also identified a number of trees characteristic to the Maltese 
Islands. Carob and Olive trees could be seen along the base of the scarp faces and on 
top of the embayment among other locations. Moreover, on-site visits confirmed that 
the valley is still characterised by agricultural activity. Table 4.1 represents the 
predominant vegetation of six areas within the valley as observed from six vantage 
points. The vegetation is similar to that observed by Borg Axisa in her 2002 study 
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(refer to Appendix 8). The similarity of the ecological composition of the system, 
determined by comparing the specific locations and observations identified by Borg 
Axisa in her study, suggests that its state has remained stable. However, time 
constraints did not allow for a similar vegetation study to be carried out. The 
binoculars and the camera, though assisting with the observations, provided limited 
magnification and therefore some vegetation types might have not been included in 
Table 4.1. However, the fact that certain components identified by Borg Axisa (2002) 
are still present ten years later, indicates that those states have not changed 
significantly.  
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Plate 4.10: Panorama of Ramla Valley taken from Vantage Point No. 1: Ramla Valley (source: author) 
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Plate 4.11: Panorama of Ramla Valley taken from Vantage Point No. 3: Triq ir-Ramla (source: author, 2013) 
 
 
 
 
 
    102 
 
 
Plate 4.12: Panorama of Ramla Valley taken from Vantage Point No. 4: Ta’ Ħida (source: author, 2013) 
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Plate 4.13: Panorama of Ramla Valley taken from Vantage Point No. 5: Ta’ Lagan (source: author, 2013) 
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Plate 4.14 Panorama of Ramla Valley taken from Vantage Point No. 7: Ta’ Marin (source: author, 2013) 
 
 
    105 
 
 
 
 
 
Plate 4.15 Panorama of Ramla Valley taken from Vantage Point No. 8: Ta’ Calypso (source: author, 2013) 
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Table 4.1 Predominant vegetation from vantage points (source: author, 2013)
Vantage Point Vegetation Remarks 
No. 1 Ramla 
Valley 
Great Reed (Arundo donax), Olives (Olea europaea), Prickly 
Pears (Opuntia ficus-india), Fennel (Ferula communis), Chaste 
tree (Vitex agnus-castus), Caper (Capparis spinosa) and vines. 
Olives and oranges present on the cultivated road side, Chaste tree and Fennel found within the 
dams and on the road side, with Arundo donax also found within the dams. The Prickly Pear is 
also found alongside the canals, delineating the outer boundaries of fields. 
No 3 Triq ir-
Ramla 
Almond trees (Prunus dulcis), Carob (Ceratonia siliqua), Great 
Reed (Arundo donax), Olives (Olea europaea), Prickly Pears 
(Opuntia ficus-india) Fennel (Ferula communis) (Note: Carob 
and Almonds also formed thick bushes) and Eucalyptus 
(Eucalyptus sp.) 
Thick bush vegetation to the West is composed by Carob and Prickly Pears as well as other 
undergrowth occur on abandoned agricultural land. Arundo and Eucalyptus dominate the scene 
as these are present in the immediate vicinity of this site as well as on the hills in the 
background.  
No. 4 Triq ta' 
Ħida 
overlooking 
tal- Ħanaq 
Almond trees (Prunus dulcis), Carob (Ceratonia siliqua), Great 
Reed (Arundo donax), Olives (Olea europaea), Prickly Pears 
(Opuntia ficus-india) Fennel (Ferula communis) (Note: Carob 
and almonds also formed thick bushes) Eucalyptus (Eucalyptus 
sp.), Fig (Ficus carica), Maltese Salt-tree (Darniella melitensis) 
and some vines. 
Some areas from this vantage point indicate farming (immediately below the road to the centre 
and left of the photograph), with some of these trees mentioned. The escarpment and hills are 
largely abandoned to the East. Thick cover from the Maltese Salt-tree is present on the vertical 
escarpment to the East of the vantage point. 
No. 5 Ta' Lagan Almond trees (Prunus dulcis), Carob (Ceratonia siliqua), Great 
Reed (Arundo donax), Olives (Olea europaea), Prickly Pears 
(Opuntia ficus-india), Fennel (Ferula communis) Eucalyptus 
(Eucalyptus sp.), Fig (Ficus carica), Pomegranate (Punica 
granatum), Castor oil plant (Ricinus communis), Caper 
(Capparis spinosa) and vines. 
The Arundo donax, the Carob, Prickly Pears and Eucalyptus grow extensively on the hillsides 
from the point at which the photograph was taken. The land immediately below the scarp, was 
also used for cultivation of pomegranate and vines. Similar vegetation communities, such as the 
Eucalyptus groves, Carobs, Prickly Pears, and some Arundo donax is also present over Ta' Ħida 
embayment as indicated from the photograph. Capers found on the escarpment behind the area. 
No. 7 Ta' Marin Carob (Ceratonia siliqua), Great Reed (Arundo donax), Olives 
(Olea europaea), Prickly Pears (Opuntia ficus-india), Fennel 
(Ferula communis), Mediterranean Thyme (Thymbra capitata) 
Eucalyptus (Eucalyptus sp.), Maltese Salt-tree (Darniella 
melitensis) and vines.   
No. 8 Għar ta' 
Calypso 
Carob (Ceratonia siliqua), Great Reed (Arundo donax), Prickly 
Pears (Opuntia ficus-india) Fennel (Ferula communis) (note: 
Carob and almonds also formed thick bushes) Eucalyptus 
(Eucalyptus sp.), Fig (Ficus carica), Maltese Salt-tree (Darniella 
melitensis), Caper (Capparis spinosa) and vines. 
Eucalyptus also seen in the area behind the cave, with vines being grown on the agricultural land 
below. Salt-tree seen in shrub form. Capers seen on the garrigue dominated limestone pavement. 
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4.5 Interpretation of observations in terms of resilience 
Analysis of both maps and aerial photography led to a number of resilience-related 
observations/deductions. The major aspects of the system, namely the natural habitat 
areas, the beach, the agricultural system and the natural components within the system 
(such as water and soil resources) are considered in this section.   
 
4.5.1 Vegetation cover 
The natural habitat areas shall primarily refer to those communities which act as 
assemblages for indigenous vegetation and which are mainly found beneath and in the 
vicinity of the escarpments. Such communities act as refugia, not only for typical 
vegetation, but also for local endemics such as the Maltese Salt-tree (Darniella 
melitensis). These natural habitat areas contribute to the resilience of the ecological 
communities within the valley system as well as of the whole island’s communities. 
They provide reserves which contribute to restorative and contingency resilience. In 
addition, the areas beneath the escarpments are not only populated by the above-
mentioned local vegetation communities but co-exist3 also with the alien species 
Eucalyptus (Plate 4.16). 
 
Such an example can be seen on the Western side of the valley, such as Tal-Verrier to 
the West of Ta’ Lagan, where a significant expansion of Eucalyptus co-exists with 
local trees. Despite this, it is clear that at Ta’ Marin, Ta’ Lagan and Ta’ Għajn Ħozna 
at Xagħra, as well as the escarpment from Il- Ħanaq, all over towards Għajn Qasab at 
Nadur, the local maquis community flourished over the years. Such a state of affairs 
indicates an alternative state of the system, as opposed to agricultural land.  
                                                 
3 ‘Co-existence’ between the local trees and Eucalyptus refers to the fact that stands of both types of 
trees grow within close proximity to each other 
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Plate 4.16: Eucalyptus trees seen in the background which co-exist with maquis 
community, with Arundo donax seen in the foreground (source: author, 2013) 
 
This state, characterised mostly by Carob and Olive trees (and by the Fig at some 
places) is being considered as an alternate state since the system shifted naturally 
towards it after the cessation of agricultural activities. If this state is considered as the 
natural state of the land, then agriculture can be considered as a disturbance 
preventing propagation of the natural state. Two conclusions can thus be drawn: (1) 
This community is a representation of a stable state of equilibrium due to its longevity 
and persistence; (2) Such communities can be considered resilient due to their ability 
to reintroduce/propagate themselves along the system.  
 
Arundo was also observed proliferating on areas on the hillside (Figure 4.16), at times 
in close proximity to the maquis communities. However it was not seen to encroach 
upon the latter. It is possible that once a land parcel is colonised by maquis 
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vegetation, it is resistant to encroachment by Arundo. Since maquis and Arundo 
propagate naturally they are in competition with the agricultural state of the system. 
From the interviews it was established that the main concern of such competition is 
related to the Arundo’s capacity to invade near-by fields. Maquis communities are 
considered to be capable at propagating themselves despite this being a slow process 
(L.F. Cassar 2013, pers. comm., 23 Sep.) Thus, the rates at which these communities 
can encroach upon agricultural land might not be as high as the Arundo.  The fact that 
maquis propagation occurs in abandoned areas leads to the conclusion that most of the 
direct competition with agricultural systems occurs as a result of the proliferation of 
Arundo. The latter threat can be further amplified by its ability to damage rubble 
walls.  
 
The maquis vegetation, Eucalyptus and Arundo, can be considered as being persistent 
components within the system. While quantifying the pressures acting upon the 
system might not be possible, nonetheless, one could still consider these pressures 
when conducting the resilience assessment. Pressures that influence/ or can impact 
the vegetation types, include the summer drought and infrequent rains.  
 
4.5.2 Water resources 
Vegetation cover resilience should be considered in conjunction with the natural 
resource resilience of the area. Tables 13.1 & 13.2 in Appendix 13 represent typical 
chemical analysis of water samples taken from the perched aquifer of the Nadur and 
Xagħra water stations and the Xagħra-Nadur deep well. Guidelines stipulate that the 
nitrate levels in ground water should not exceed 50 mg/l. Typical results indicate that 
the Nadur station has 17 mg/l, the Xagħra station has 124 mg/l, while the mean sea-
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level aquifer has 26.8 mg/l. Thus the water obtained from the Xagħra station exceeds 
the permitted nitrate levels. The nitrate content in ground water is expected to be high 
due to agriculture and urban land-use (MRA, 2004a). The chloride levels in ground 
water have a limit of 250mg/l. Typical results indicate that the chloride levels in the 
Nadur aquifer is 42.1 mg/l whilst the Xagħra aquifer is 330 mg/l. Whilst the Nadur 
value is within stipulated parameters, the elevated Xagħra aquifer value could be 
attributed to sea spray (MRA, 2005). The typical mean sea-level aquifer chloride level 
is 761 mg/1. The latter is possibly due to its close proximity to the sea water. The 
stipulated lead levels are 0.01 mg/l or 10 µg/l. The typical values of lead levels in the 
Nadur aquifer is 19 µg/l, 2 µg/l at the Xagħra aquifer and < 0.1 µg/l at the mean sea-
level aquifer. One possible reason for this is the leaching of lead pellets, resulting 
from hunting activities, into the aquifer. These 3 sampling sites are by no means 
representative of the whole water body, and therefore can only be taken as indicative 
of the status of the water bodies.  
 
A study undertaken by the MRA in 2004 identifies the Nadur and Xagħra perched 
aquifers as being at possible risk of failing to achieve the Environmental Objectives of 
the Water Framework Directive, while the mean sea-level aquifer as being at a risk of 
failing the said objectives (MRA, 2005a).  The Nadur and Xagħra perched aquifers 
are also at possible risk of failing the Qualitative Objectives while the mean sea-level 
aquifer is at risk of failing the Qualitative Objectives. On the other hand, the Xagħra 
and Nadur perched aquifers were not at risk of failing to achieve the Quantitative 
Objectives, while the mean sea-level aquifer was at risk (MRA, 2004a, 2004b, 2004c, 
2005a, 2005b).  
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Apart from the heights of the aquifers, mean annual recharge and groundwater 
demand with associated balances, no additional information was made available in the 
2004 study (Table 4.2). This monitoring of the annual water levels was not made 
available.  
Water Aquifer Mean annual 
recharge (hm3) 
Groundwater 
demand (hm3) 
Balance 
(hm3) 
Mean sea-level (MRA, 2004b) 10.02 9.78 - 1.12 
Nadur perched (MRA, 2004c) 1.33 0.58 + 0.57 
Xagħra perched (MRA, 2004a) 0.86 0.33 + 0.38 
 
Table 4.2: Mean annual recharge, groundwater demand and balance of the water 
aquifers in hm3 
 
The figures presented in Table 4.2 do not represent the groundwater requirements of 
the focal system. Nonetheless, the water balance can indicate that the perched aquifers 
are not at risk of over abstraction as much as the mean sea-level aquifers. The 
abundance of Eucalyptus and Arundo can be significant contributors to mean sea-
level aquifer strain. If the figures of the 2004 study remained constant, the perched 
aquifer system can be considered not to be at risk. However, one cannot state that the 
aquifer system is resilient as the groundwater resource in the Islands is still subject to 
over abstraction. This is also applicable to the Gozo mean sea-level aquifer. 
Therefore, data pertaining to the aquifers and the yearly soil moisture content within 
the system should be monitored to carry out an appropriate assessment of the water 
system resilience. Studies should also be undertaken to assess the total capacity and 
the potential of the run-off reservoirs within the valley. 
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In 2002, Borg Axisa reported that farmers had stated that the illegal digging of bore-
holes further inland affected the water levels, so much so that some had to resort to 
bringing in water for irrigation purposes. This is because the water extracted from 
deeper levels is saline. According to Marsovin4 representatives, water extracted from 
the mean sea-level aquifer is of good quality in the late winter season, while it is 
saline in summer (Borg Axisa, 2002). Other farmers had reported that water is scarce, 
while one had fields limited to rain-fed crops. Thus, despite the presence of the 
perched aquifers which flow into the system (refer to 5.6.1 in Appendix 5), they might 
be contributing minimally to the ground water recharge within the valley or soil 
moisture. Scerri (2003) also mentions the operation of unlicenced5 wells within the 
valley.  Interviewing farmers in this study might have provided some insight on the 
current state of the water resources, however the lack of participants or the 
identification of farmers/land owners has prevented this exercise. One aspect for 
future study would be assessing the water requirements of the crops grown in the area. 
Given the strained water resources, cultivation of crops requiring lower amounts of 
water could be encouraged.   
 
4.5.3 Soil resource 
When considering the resilience of the soil resource within the AOS, one has to keep 
in mind the following points. Over a span of twenty years, the valley basin has been 
cleared from debris at least three times in 2003, 2008 and 2011 (refer to Appendix 14, 
Permit Nos. PA/03147/03, PA/06258/08 and 00894/11 respectively). In his interview 
the Eco Gozo representative stated that in the 2011 operation, 10,304 m2 (19 
truckloads) of soil was cleared from the dams (Plate 4.17) within the valley.  
                                                 
4 Marsovin- a local wine producer 
5 By WSC 
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Plate 4.17: The dams in Ramla Valley (source: author, 2013) 
 
This formed part of the maintenance project undertaken in 2011 at Ramla Valley. 
Whether the voluminous amount of debris collected in 2011 is the result of seasonal 
rains in 2011 or an accumulation over a number of years is unknown. However, it is 
evident that, despite the presence of rubble walls delineating the fields, the system is 
vulnerable to a degree of soil loss. Although the rubble wall system appears to have 
remained unchanged over the years, their structural integrity in certain areas prevents 
walls from withstanding the pressures endured when rain falls. While it would have 
been useful to carry out a full site survey of rubble walls’ state, time constraints and 
the issue of trespassing private property prevented this exercise. However, the site 
assessment did reveal the presence of unmaintained rubble walls throughout the 
valley (Plate 4.18).  
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Plate 4.18: Collapsed rubble walls in Ramla Valley (source: author, 2013) 
 
In his interview, the Eco Gozo representative mentioned that the Ministry of Gozo has 
planned to repair areas of rubble walls situated along the canals in the valley. Such a 
task had to be finalised by end of September 2013. If the soil resource contributing to 
system resilience is to be addressed, all stakeholders should be involved in the 
continuous and planned exercise, where the maintenance of rubble walls is carried out 
throughout the whole valley system and not merely at the most vulnerable sites. 
Stakeholders should be made accountable for the condition of the rubble walls of their 
fields. 
 
The aerial photographs do not reveal whether land is actually being farmed or left 
fallow; however it is evident that agriculture has remained a dominant feature within 
the system throughout the years. Plates 4.19 & 4.20 depict a typical agricultural 
landscape and fallow land respectively.  
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Plate 4.19: Typical agricultural landscape in Ramla Valley (source: author, 2013) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 4.20: Typical fallow land in the foreground in Ramla Valley (source: author, 
2013) 
 
The aspect of agriculture and whether it is considered as an economic aspect, a way of 
life for certain individuals, or as being part of the landscape has certainly been a 
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resilient feature despite the limitations of agriculture in the area. In her study, Borg 
Axisa (2002) identified that 15% of the land in the valley was agricultural land which 
was not in use, 72 % of the land was in use and the remaining 13% was composed of 
degraded areas with other land cover (refer to section 5.8 of Appendix 5). Despite the 
strains faced by agriculture, namely water scarcity, soil erosion and pressures 
discouraging farmers from cultivating the land, agriculture has remained resilient. 
This results from the geological conditions, which allows the continuous water 
availability, and man’s efforts to maintain agriculture. The provision of water from 
other sources by means of bowsers induces a strain by the focal system on the larger 
scale system of the Island. Hence, to determine this strain the quantities of water 
brought in the system should be assessed. 
 
4.6 Resilience Assessment Checklist 
The observations in sections 4.2-4.5, information obtained from the research, 
interviews, together with the analysis of Development Permits and Planning 
Enforcement within the AOS (Appendix 14) and the Inventory List of Vegetation in 
Ramla Valley and Bay (Appendix 15) were used to populate the Resilience 
Assessment Checklist which is being presented in Appendix 10 b. The discussion 
based upon this exercise is presented in the next section. 
 
4.7 Discussion 
4.7.1 System’s state  
Although the system is relatively simple to understand, its state is not as straight 
forward as one would expect. This is brought by the need of identifying those aspects 
considered to be of greater importance than others. The question lies as to whether the 
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natural alternate states (maquis sites) have a greater bearing than the anthropogenic 
(agricultural land) states within the system. One can also consider whether a balance 
between the two states would be more viable, and the composition of either state in 
terms of their attributes and impacts on the system. Another component within the 
system is tourism. Although not a physical state (such as land cover and its 
components), it is a functioning component of the system. 
4.7.1.1 Land cover 
Throughout the assessment stage it was noted that, though the system has been 
subjected to change brought about by the interacting states of the system, the latter 
has nevertheless remained relatively stable over the past 60 years. Abandoned land 
allowed the resurgence of natural communities and the proliferation of Arundo. 
Though latter has commonly been regarded as an invasive alien species, some regard 
it as a contributory factor to the aesthetic appeal of the area.  It is also still being used 
as a resource to a certain extent. Arundo is used for windbreakers in fields which can 
be observed within the valley and around Gozo and to produce cane curtains. The 
latter are also widely used to protect doors and windows of houses all over the 
Islands. A local magazine issued in summer 2013 featured a craftsman who still 
makes the traditional wicker baskets made from Arundo (Borg, 2013) (Appendix 4). It 
stated that Mr. A. Muscat of Nadur has a one-acre field within Ramla Valley 
specifically used for the growth of the Great Reed which he uses to make wicker 
baskets and cane curtains. Unfortunately this individual seems to be the only man left 
in Nadur who still makes these baskets. From an anthropogenic point of view, the 
knowledge of this craft can be considered a non-resilient component to the system. 
The loss of such knowledge would have an impact on the rustic characteristic of Gozo 
and the cultural identity and folklore of the Maltese. Preserving such knowledge 
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would be hard and involves individuals willing to maintain the craft. Preserving the 
craft would support niche markets for such wicker products and which could be 
manufactured in workshops set up in the vicinity to welcome visitors/tourists. While 
the need for such baskets might not exist today, consideration should be given to the 
implication of the loss of such craft. On the other hand, one should also accept that 
traditions and cultures change with time.  Plates 4.21 & 4.22 depict craftsmen who 
weaved wicker baskets of all sizes. 
 
Plate 4.21: Women from Lunzjata preparing cheeslet moulds for local cheese c. 
late 1960’s (source: Cini, 1992) 
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Plate 4.22:  Man from Xagħra working on large wicker baskets c. late 1960’s 
(source: Cini, 1992) 
 
 
While both the agricultural landscape and land cover, dominated by natural, 
Eucalyptus and Arundo dominated landscapes, are responsible for the intrinsic 
character of the system, the agricultural state can be considered as the long-term 
nature of the system. Subsequently if management is to focus on maintaining this 
state, or shift to alternate states, a number of criteria should be considered namely:   
 the degree of contribution the fields within the system give to the Gozitan 
population6;  
 the number of individuals (and their dependants) who rely on the agriculture 
within the system; 
                                                 
6 This includes the provision of agricultural produce and the economic contribution from this activity. 
The contribution of the area to the Maltese economy can also be considered, however, one cannot 
ignore the fact that Gozo is isolated from the rest of the mainland. Therefore, even though there is a 
single economic system, the impact of the area on the Gozitan society has to be considered, especially 
in terms of employment, since some individuals might not be able to commute to the mainland or find 
alternate employment. 
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 the impact of agriculture on the rest of the system’s components (such as soil 
quality and the water catchment); 
 whether the agricultural system is making sustainable use of  its water and soil 
resources; 
 whether sustainable practices can be improved. 
 
While time constraints did not allow for such criteria to be looked into further detail;, 
the Resilience Assessment also identified the criteria which should be considered 
when managing the system.  
 
Conversely, if the agricultural system is seen as playing a minimal role and that its 
removal would have minimal impacts on those individuals whose livelihoods are 
dependent on the system, then working towards alternate states could be considered. 
Measures could be adopted to allow for the propagating of alternate states within the 
system. Thus, apart from the maquis vegetation, if evidence suggests that the 
Eucalyptus and Arundo provide valuable ecosystem services within the local context, 
they should also be considered. Apart from the damaging nature associated with these 
alien species, section 2.2 of the Resilience Assessment Checklist suggests that Arundo 
donax could contribute to the system’s functioning. The Eucalyptus and Arundo are 
both persistent threats in the area. The former is long lived and has a complex root 
system, its allelopathic leaves also known to change soil chemistry, while the latter is 
difficult to eradicate due to clonal root masses (MEPA, year unknown).  
 
Guidelines for the management of invasive species in the local context are available. 
One of the targets of the National Biodiversity Strategy and Action Plan (2012-2020) 
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includes the adoption of measures to identify and prioritise established alien species 
for their eradication or control, whenever this is feasible. While Arundo within the 
system is being controlled by periodic cutting, management regarding the Eucalyptus 
is so far absent.  Criteria which can determine whether these trees are posing potential 
harm to the system are the: 
1. impact assessment upon the water resources; 
2. changes in soil chemistry resulting from the leaf litter when compared to the 
soil in the system which does not have Eucalyptus cover; 
3.  persistence of Eucalyptus as the species can re-sprout after cutting.  
 
However, neither the agricultural state nor the ecological state within the valley can 
be deemed as being superior to each other. Each state contributes to the system in its 
own way. Therefore, to be able to sustainably use the system the opinions and the 
livelihoods or quality of lives of all those involved should be considered. The 
opinions, support and insight of bird-hunters, residents and farmers must be sought 
when carrying out management.  
 
System management, incorporating two alternative states, such as the agricultural and 
natural state, rather than focusing on a single state can provide the benefits of both. 
Landscape rehabilitation could thus be a possible option by setting up the 
rehabilitation of fields alongside the agricultural land. Another possible option would 
be the planting of local species alongside the boundaries of fields, in a manner where 
the whole system is re-configured. This would enable the protection of fields from 
aeolian processes and assist in the prevention of soil erosion by binding the soil to 
roots whilst supporting the existing rubble walls. This option could also provide the 
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same or similar functions provided by rehabilitated land, by acting as landscape 
corridors and habitats for pollinators. Such a setup would work more favourably if 
carried out in conjunction with the rehabilitation of land, as the trees and vegetation 
running across the field boundaries would link the rehabilitated habitats.  
 
This landscape would enable the system to maintain the same functions that the 
Eucalyptus stands aim to carry out, since the greater incidence of tree cover would 
encourage the nesting of birds. Such an approach would provide a manager with an 
option to enable the maintenance of both the agricultural and the natural alternative 
state of the system. Although this approach would alter the system’s appearance, it 
could also reduce the pressures within the system. Apart from soil erosion, the organic 
material from the tree cover can alter the structure and composition of the soil by 
enhancing its fertility and/or moisture content (Eash et al., 2008). The latter could 
contribute to the management of water resources, however further studies would be 
necessary to establish the potential improvement of moisture content by the presence 
of organic material. The alteration within the landscape can prove advantageous to the 
canal and dam system. If the changes prevent the further loss of soil, then the dams 
would not need regular cleaning. This improves the efficiency of water catchment 
operations and reduces the strain on aquifer resources.  
 
Agricultural systems are also affected by anthropogenic derived components, namely 
workforce related aspects. Agricultural sector in Gozo is on the decline (Tabone, 
1996). This trend poses a significant threat to agriculture resilience. Contributing 
attributes include employment, labour intensity, past and current social changes 
encouraging the younger generations to seek less labour intensive but more profitable 
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employment. The number of full-time farmers in Gozo dropped from 1600 to 225 in a 
span of twenty years (1971 to 1991) (Tabone, 1996). In 2010 the majority of full-time 
farmers were aged 45 and over, while 51.2 % of part-timers where aged 55 and over 
(NSO, 2012). In addition, a total of 18,539 individuals were actively engaged in 
agriculture. Out of a total of 18,539 individuals actively engaged in agriculture, only 
1,301 (7%) were working on a full time basis, 185 of which (14.2%) were from Gozo 
and Comino. Moreover, in 2010, 22% of the part-timers were from Gozo and 
Comino. Demography shows that with an increasingly elderly workforce, agriculture 
will undoubtedly suffer.  Subsequently this would contribute to the degradation of the 
agricultural system and will in turn have a negative impact on the management of 
agricultural lands. Between 1971 to 1991 agricultural land in Gozo decreased from 
26,000 to 15,000 tumoli. In a span of 12 years (1971-1983) the idle agricultural land 
in Gozo increased from 24.5 % to 47.8% of all idle agricultural land in the Maltese 
islands from 1971 to 1983 (Tabone, 1996). Role (2004) attributes rural land 
degradation as a result of the changing employment structures.  
 
Another issue which has an effect on the resilience of agriculture is the low 
contribution of agriculture to the national Gross Domestic Product (GDP). According 
to the Malta Stock Exchange (2012) agriculture contributes 2% to the GDP. Despite 
the labour and capital investment by farmers, this minimal contribution to the GDP 
raises a number of concerns. Will further investment in the agricultural industry 
contribute significantly to the overall economy of the Maltese Islands? If not, it might 
mean an unsustainable use of capital. However, while opportunities to increase the 
GDP contributions by encouraging an export market can exist, significant 
modification of agricultural landscapes to enable intensive cultivation with high yields 
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would be needed. Research should look at the impacts on the natural agricultural 
resources and the actual viability of the proposed intensive cultivation. Conclusions 
might yield unsustainable results should investment fail to provide sufficient returns. 
Despite the low contribution to the GDP, this does not negate the need to invest 
(capital wise as well as in terms of man power) in agriculture, particularly in light of 
agriculture being a source of food provision in an over populated island.  
 
Agriculture is also vulnerable to climate change. The latter, which brings about 
temperature change, can have an impact on the growing seasons of the product and 
thus harvest. It can also cause an increase in drought, predicted for the whole of the 
Mediterranean, during the summer (Travers et al., 2010). This would increase stresses 
on both vegetation and water resources. Table 6.20 in Appendix 6 indicates that 
potatoes consume the most water, these are followed by kitchen gardens and fresh 
vegetables. While data for the lands within the Valley is unavailable, data was 
available for the two villages containing the AOS, namely Xagħra and Nadur. This 
data presents the extent of cultivated area in hectares according to the crop and which 
can be indicative of the areas within the valley. A significant portion of the land is 
devoted to forage, with the next most important land-use dedicated to permanent 
crops (refer also to section 4.7.2). The latter is composed of fruit, citrus, olive and 
vine trees. Vines utilises less water than vegetables (Table 6.20 in Appendix 6). 
Despite this, vines are affected by drought and are dependent on water to propagate 
better yields. This increases the demand on water resources which can be further 
strained as a result of the lower recharge rate from the longer drier periods.  
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Should the above be considered, the following main approaches should be taken: 
 Encourage public consultations enabling the managers to understand the 
system, the needs and requests of stakeholders; 
 Provision of government intervention through financial and resource support 
given to farmers and land owners working the agricultural land. If farmers are 
not provided with financial support they could either resist change or will be 
unable to fund such initiatives from their own pockets.  
 Harness the potential of vegetation in rehabilitated landscapes. The fruit can 
be used for the production of niche market products such as jams, marmalades 
and liqueurs. The production might also create employment opportunities as 
well as partnerships between enterprises and landowners. The income could be 
diverted towards the maintenance of the landscape within the system  
 Devise methods of reinvigorating the agricultural workforce. Agro-tourism 
could open up a market for tourists who could provide labour support to 
farmers (while at the same time also providing an alternate or supporting 
source of income). Tertiary level courses could reinvigorate job opportunities 
within the agricultural sector. Reforms in the pitkali system whereby the 
producer rather than the middle man is favoured,7 this could place farmers in a 
better financial position. 
 Implement further water management techniques through the provision of 
financial support to farmers helping them to revert to more efficient irrigation 
systems; encouraging vegetation cover to trap more surface run-off and aid 
groundwater recharge or further investments in water catchment infrastructure. 
These should be considered not just in the focal system but also over the 
                                                 
7 Pitkali refers to the current system where the farmer sells his products to the middle man. 
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whole Island since the aquifer and over-exploitation is not limited to the focal 
system.    
4.7.1.2 Tourism 
The assessment has shed light on the following resilience-related tourism issues. 
 (1) On-site visits generally indicate that the presence of cordons prevented the access 
to the sand dunes; however, on one particular visit, despite such measures and the 
presence of rangers, two tourists were seen picnicking on the remains of the 
Belancourt Battery. Although the tourists could have climbed from behind and not 
over the sand dunes, their presence can indicate lack of vigilance by the rangers 
entrusted by Gaia to patrol the area.  
(2) Attempts to introduce water sports activities at the bay have been prevented by 
MEPA, while other beach activities have been limited and controlled.  
(3) The present kiosks, which operate at the back of the beach system, might not have 
an impact on the beach system because they draw the visitors away from the dunes. In 
addition, the structures have a minimal effect on the trapping of sediment when 
compared to the network of walls and Arundo within the valley.  
(4) The vehicles which can access the area pose a threat to the beach system. Apart 
from the possible pollution of some fields, used as parking areas in past summers, off-
roading (interview with former Xagħra resident) within the area is also of concern. 
The latter can contribute to land degradation and soil compaction. At this stage, it 
must be noted that the use of fields as parking spaces, which has been prevented by 
MEPA (Appendix 14), was not observed this summer.  
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Resilience of tourism-related components can be potentially at risk. This is the result 
of:  
 the closing down of Calypso’s cave due to the collapsing structure (even 
though the site still visited by tourists; 
 the poor state of the historical features/monuments; 
 the dynamic nature of the beach. 
 
Tourists are mostly attracted to the sandy beach for its various recreational uses. Any 
factor possibly altering the beach system has a potential negative impact on tourism, 
thereby identifying the need to diversify tourism in the area. The recent controversy 
over the removal of the pebbles from the beach by a bulldozer in June 2013 bringing 
about loss of sand, highlights the perceived importance of the beach for recreation. 
Though up till now the beach has always been replenished by seasonal wave action, 
one should consider the repercussions if the currents or sediment-providing processes 
were to change. 
4.7.1.3  Beach and dunal system 
The assessment also identified a number of issues relevant to the resilience of the 
dunal system. The interview with the Gaia representative highlighted the adopted 
‘control measure’ whereby any encroaching vegetation, such as Arundo or vines from 
neighbouring agricultural lands are removed or cut back to prevent the degradation of 
the dunes and their communities. In addition, Sea Daffodil (Pancratium maritimum 
L.) seeds are also spread to enable the propagation of species. While these practices 
enable, to a degree, the dunal system and its communities to withstand the pressures 
faced by encroachment and degradation by natural forces, one has to keep in mind 
that as a result of man’s intervention, this system would come to depend on human 
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management. Analysis of the aerial photograph has shown that vegetation density 
increased behind and close to the dunes. This not only reduced the extent of the dunal 
system (Cassar and Stevens, 2002), but also stabilised the dunes’ movement. Despite 
the fact that the: 
 illegal removal of sand for construction purposes has been stopped; 
 trampling on the dunes has been significantly reduced and 
 dune system appears to be stable,  
the implications of the dunes becoming dependent on human management for 
resilience should be kept in consideration. The loss of such a system would have a 
negative impact in ecological and landscape terms. Plans to restore the system should 
consider this dependence. Subsequently, the risk of the restored dune system reverting 
back to its present state as a result of vegetation encroachment should be considered 
in the light of both the presence and absence of human management. Focus should 
thus be placed on protecting the current dune system  
 
Throughout the years, Pergla Valley appears to have also remained relatively 
unchanged. As already mentioned in section 4.3.2, a proportion of the valley floor is 
covered by Arundo, whilst its valley sides are covered by relatively dense maquis 
vegetation. Whether any of this could be contributing to the sediment on the beach at 
Ramla, or whether the sediment is purely derived from the erosion of blocks of scree 
that fall into the sea is unknown. However, in the first instance the increase in 
vegetation will hinder the sediment run-off from Pergla Valley to flow into the sea 
and onto the beach. In the second instance if erosion from the escarpment in this area 
is stabilised, it might prevent further material from providing sediment for the beach. 
This would subsequently result in a change in the beach system.  Should this happen, 
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residents, beach users and parties interested in the beach, dunal system and its 
communities should be made aware of the potential degradation of the coastal area, as 
well as the potential loss of that aspect of the system.  Plates 4.23, 4.25, 4.27 depict 
the Ramla Valley and its Bay in the early 1900’s, whilst Plates 4.24, 4.26, 4.28 
illustrate the system in its contemporary state. The photographs support the 
observations made in the aerial photography assessment where it is evident that the 
vegetation has encroached upon the dunal system. 
 
 
Plate 4.23:  A panorama of Ramla Valley and Bay taken from the Eastern side c. 
1920 (source: Bonello 2007) 
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Plate 4.24: A panorama of Ramla Valley and Bay taken from the Eastern side 
showing vegetation encroachment from the Eastern dunal system, 2013 (source: 
Mercieca, 2013) 
 
 
 
Plate 4.25: A panorama of Ramla Bay taken from the Western  side c.1920 ( 
source: Bonello 2007) 
 
131 
 
 
 
 
Plate 4.26: A panorama of Ramla Bay taken from the Western side showing 
vegetation encroachment from the Eastern dunal system, 2013 (source: author, 2013) 
 
 
 
Plate 4.27: Through valley, Ramla Bay c. 1920 (source: Bonello, 2007) 
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Plate 4.28: The water channel in contemporary times, indicating a similar state to 
Plate 29 (source: author 2013) 
 
 
Beach services providers request the removal of pebbles in order that the beach is 
rendered more attractive. The activity is a damaging one since pebbles act as 
miniature grykes which allow the accumulation of sand and help build incipient and 
embryo dune mounds. Pebbles might also provide the system with a degree of 
protection against wave action allowing for further accretion. Plate 4.29 illustrates a 
photo of Ramla Bay where pebbles could be seen on the beach indicating such a 
collection as a natural process. Protection of the beach system is also provided by 
Posidonia banquettes which act to buffer the energy of on-shore waves. While an 
important factor within the system, lack of relevant studies prevented the assessment 
of Posidonia sp.’s resilience. Surveys on Posidonia will serve as an additional 
valuable tool for beach management.   
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Plate 4.29:  A panorama of Ramla Bay taken from the Eastern side c. 1920; 
pebbles can be seen on the beach (source: Farrugia In Bonello, 2007) 
 
 
Other issues affecting the beach system include the impact of climate change upon the 
vegetation communities of the dune system. It is probable that the dunal community 
would be more vulnerable to temperature changes than the rest of the system. 
Temperature variations could affect the growth and flowering patterns of the 
vegetation. Such patterns might not match the altered lifecycles of pollinators brought 
about by the temperature changes. This would subsequently lead to the loss or 
degradation of dunal communities. Such threats should be considered if better 
management of this smaller-scale system is to be exercised.   
 
The historical features, located in the beach area, are intrinsically important. If 
management is to address protection of the beach and its dune communities, these 
features should not only be preserved but restored as much as possible. This, not only 
allows for the maintenance of a resource that might attract further beach users and 
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tourists, but also preserves the cultural identity of the locals and the landscape. In this 
respect, one particular feature includes the underwater sea-wall. Any further 
deterioration of this structure can lead to altered wave dynamics which will in turn 
affect the dune and beach system.  
 
The need for further scientific research into the sediment dynamics of Ramla where 
baseline studies are provided should be considered. The setting up of sediment traps 
to establish the terrigenous contributions from both the valley sites, as well as the 
monitoring of currents should be given particular importance. This would provide a 
scientific approach to the maintenance and improvement of the system thereby 
enhancing and preserving the resources. Therefore, adequate protection of the states 
within the system requires the monitoring of the following parameters: 
1. sediment budget; 
2. source for the beach and dune system; 
3. beach dynamics in play. 
This added knowledge would enable appropriate decisions and adoption of adequate 
management plans.  The study revealed the beach system’s dynamic nature; therefore, 
one has to keep in mind that change within the beach system is part of its intrinsic 
nature. The latter is influenced by anthropic changes in the landscape and dynamics of 
run-off. Management of the dunal and beach system needs to consider the reaction of: 
 stakeholders and individuals directly affected by the possible dunal change, 
degradation or loss; 
 the beach users, if management would include the whole beach area being 
cordoned and allowing only limited access to the beach area; 
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 the beach users and entrepreneurs, if management would prohibit all form of 
activities, such as hiring of deck chairs and kiosk amenities.    
 
4.7.2 System transformation 
While the ‘hidden’ components might not be known to date,8 the focal system 
however, appears to have been stable over the time period for which it was studied 
(1957-2013). Transformation is not desirable if this means a degradation of the 
system to one where the benefits derived from the system are no longer obtainable.9 
Therefore, in light of the system’s stability, transformations should only take the form 
of anthropogenic activities and the governance related to the area. This is to ensure 
the maintenance and improvement of the system in a manner described in the above 
mentioned sections. 
4.7.2.1 System components 
This Resilience Assessment shows that the system is not in any imminent danger of 
crossing a critical threshold towards a decline to an unforeseen alternative state. 
Findings do not suggest that agricultural land-use is untenable within the system. 
However, monitoring the water aquifers status should be considered of great 
importance since the system is dependent upon the water resource. 
 
With regard to the possibility of transforming the system towards a dunal state, 
consideration is to be given to various issues.  Sand can encroach upon the 
agricultural system, depending on the strength of the prevailing winds (A. Micallef 
2013, pers. comm., 3 Oct.). However, recent surveys on this process are unavailable. 
If left undisturbed, this process could result in the gradual movement of dunal system. 
                                                 
8 ‘Hidden’ components- the status of the water and soil components 
9 Transformation-the change in the components that define the system 
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Should the sand dunes migrate further inland, parts of the system could transform into 
a state different to the ones described in section 4.5.1. By allowing sand dunes to 
propagate, as some groups/individuals have advocated, there would be a slight 
possibility for the valley system to completely revert to its natural system. However, 
this state would be dependent upon a larger amount of sediment. The latter might be 
unavailable under the current sediment regime, rendering the state difficult to 
maintain. The following proponents contribute to the decision against the suggestion 
of allowing sand dunes take over within the system.  
 
Firstly, if the whole system is allowed to take over, it is probable that the spread of 
vegetation will expand to the point where the dunes will be stabilised, thereby 
preventing their further formation and thus changing from a dunal state to possibly a 
maquis community dominated state. This is being stated with the assumption that the 
Arundo would be removed in order that sufficient ground is made available for the 
‘actual’ natural state of the system to flourish. However, in the present state, if 
Arundo stands are left within the system, the dunal system would probably be 
stabilised by the expansion of the Arundo stands which in turn, would prevent the 
movement of the dunal system. This should be considered while keeping the features 
governing dune dynamics in perspective. As mentioned above, sand availability needs 
to be considered, particularly since an abundant sand supply is critical for dune 
formation (Cassar and Stevens, 2002). The photographs have revealed that the beach, 
described as dynamic in terms of the sediment budget (Micallef et al., 1994 in Cassar 
and Stevens, 2002), has remained a stable feature. This implies that while some 
erosion of the beach occurs seasonally, the beach is always being replenished. Erosion 
is needed for optimal fore-dune development (Cassar and Stevens, 2002), since this 
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causes the scarping of seaward dune faces, which transports sediment landward. Thus, 
the fact that the dunes have not grown or receded could imply that the Ramla dunal 
system might be a stable one. It could also indicate that the sediment budget is not 
sufficient to allow for the system’s expansion. The presence of dunal vegetation, such 
as Elytrigia juncea, and Tamarix africana, ensures the survival of the dunal system by 
acting as a sediment trap and stabilisation agent (Cassar and Stevens, 2002). 
However, the aforementioned Tamarix and associated fixed dune communities 
prevent the movement of the dune due to the large vegetation cover they provide, 
possibly indicating that the current dune system will remain static. Thus, the 
encroachment of Arundo is not the only factor preventing sand movement. Moreover, 
one has to consider the freshwater lens’ status present below the dunes. While some 
of the vegetation present (e.g. Tamarix) is adapted to saline conditions, the further 
lowering or salinisation of the aquifer affects dunal vegetation (Cassar and Stevens, 
2002). Further exploitation in Ramla Valley can contribute to the degradation of the 
water aquifer and subsequently affect dunal vegetation. 
 
Secondly, due consideration is to be given to the main stakeholders using the system. 
The fact that the land within the system has long been used for agricultural purposes, 
might not justify the transformation of the system without due consideration given to 
the possible negative impacts on both direct and indirect users of the system’s 
services – in this case the agricultural services.  This does not mean that efforts to 
protect the Maltese Islands’ natural environment or restoring endangered or valuable 
habitat within the Islands should not be sought. In fact, measures to ensure the 
protection of the dunal system at Ramla should still be enforced. However, removing 
a whole agricultural system could place a strain on other agricultural and 
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environmental resources of the rest of Gozo, rendering the decision to protect a 
habitat more damaging to the wider context. According to the NSO, Gozo produces 
about 8% of the total agricultural produce (Table 4.3).  
 
 
Period 
Total fresh fruit 
and vegetables 
harvested Kg 
Maltese agriculture 
Kg (%) 
Gozitan agriculture  
Kg (%) 
Jan-March 201310 10.1 million  9.3 million  (92.7) 0.7 million (7.3) 
April-June 201311 12.6 million 11.6 million (92.0) 1 million (8.0%) 
 
Table 4.3: Agriculture produce for the first half of 2013 (source: adapted from 
NSO, 2013 a & b) 
 
In addition, Gozo contributes to 22.8 % of the total agricultural land of the Maltese 
Islands. Xagħra and Nadur contributes to 24.8% of this land (refer to Table 6.7 in 
Appendix 6). From this % amount, the two villages share 21.6 % of all arable land, 
55.9 % of permanent crops land and 28.3 % of kitchen gardens (refer to Table 6.16 in 
Appendix 6). In addition, the villages of Xagħra and Nadur contribute a high 
proportion of permanent crop land area providing 50.9 % for fruit and berry 
plantations, 88.1% for citrus plantations, 36 % for olives plantations and 40.1% for 
vineyards (refer to Table 6.17 in Appendix 6). Considering the arable land, despite the 
fact that Xagħra and Nadur contribute to 21.6 % of land area, the two villages 
contribute to 42.9 % of land for potatoes and 26.3 % of land for vegetables (refer to 
Table 6.19 in Appendix 6). Thus, Nadur and Xagħra can be considered as key 
agricultural areas in Gozo, and can be indicative of the role played by the agricultural 
                                                 
10 NSO 2013a 
11 NSO 2013b 
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land in the valley. Close observation of the land behind the dunes indicates that, 
although this area is dominated by Arundo, agriculture is still taking place. Plates 4.5 
and 4.15 indicate areas with orchards. The sandy soil in those areas provides 
favourable conditions for tomato cultivation (C. Galdies 2013, pers. comm., 7 Oct.). 
4.7.2.2 Governance 
Two issues should be considered when focusing on governance within the area. 
Firstly, data obtained from the MEPA map server indicate that the main authority in 
charge of planning and development (MEPA) has largely prevented forms of 
development within the area and regulated beach related activities. Out of a total 159 
applications and notification orders lodged with MEPA during 1993-2012, only 28 % 
were approved (Figure 4.1).  
 
 
Figure 4.1: Pie chart representing the outcome of planning development 
applications and notification orders lodged with MEPA throughout 1993-2012 
(source: adapted from MEPA mapserver) 
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However, on June 7 (2013) MEPA approved the removal of pebbles collected on the 
beach by the use of heavy machinery. The controversy led some environmentalists  to 
accuse MEPA of disregarding conditions recommended by the Environment 
Protection Directorate (Times of Malta, July 10, 2013), and brought fears of the 
disruption of the system by such a practice. During an on-site visit carried out later in 
July, it could be noted that the Western side of the bay was bare of sand cover. Thus, 
despite the efforts by MEPA to protect the system, in this instance actions proved to 
be destructive. The use of machinery for this purpose was mentioned by Borg Axisa 
(2002), while a similar damaging cleaning exercise was carried out in 1993 (Cassar 
and Stevens, 2002). The interview with the former Xagħra resident highlighted that, 
in the past, the removal of pebbles was carried out manually. 
 
Any forms of development approved within the valley have largely been limited to 
the construction of water reservoirs (refer to Appendix 14). Hence from this aspect, 
governance can be seen as an important aspect towards the maintenance of the system 
in its current states. However, it could also contribute to the system shifting into an 
alternate state since water harvesting can impact the sediment and the fluvial 
dynamics within the system. In addition, lower amounts of water would be available 
to the natural components of the system which draw water from the aquifer.  
 
What is unfortunate, however, is that in 8% of the instances recorded by MEPA, 
development within the area occurred without the granting of prior permits. Such 
development was subsequently subjected to enforcement notices, but later sanctioned. 
While this can be interpreted as a contradiction to MEPA’s objectives, it is worth 
noting that 4 (2.5%) of these permits were related to small agricultural rooms. The 
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probable reason to justify the permits after the structures had already been built was 
either due to their use for agricultural purposes or due to the negligible impact that 
these might have on the rest of the valley. Other instances related to development not 
conforming to the original plans, namely facades of buildings, erection of kiosks and 
hiring of deckchairs on the beach. While one could argue that the granting of permits 
subsequent to breaching the law is indicative that the governance in place is 
‘inadequate’ or ‘lax’, the available data over the 10 year period has indicated that 
MEPA’s contribution to manage development permits in the area is generally 
adequate. One particular instance however saw the development and extension of a 
cattle farm in an Outside Development Zone (ODZ). According to Chetcuti Cauchi 
(2013), ODZs might allow for the development of structures used for agricultural 
purposes.  
 
A possible course of action which could strengthen the governance within the area is 
to assign scientific officers with the Local Councils. These officers would be able to 
assess the natural processes and requirements within the context of the Maltese 
Islands and the system and liaise with the public when necessary management is to be 
carried out. They would also be in contact with MEPA and the Ministry of Gozo and 
responsible for providing system status updates necessary to guide the system’s 
management. In addition, future decisions by MEPA and the Ministry of Gozo should 
be supported by studies which clearly assess the full environmental impacts of 
planned courses of action. This would ensure that events similar to the June 7 (2013) 
incident are not repeated. 
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4.7.3 Results of study on a management initiative within Gozo 
Management could take into consideration some outcomes emerging from the 2010 
Eco Gozo initiative study carried out by Gauci. Subsequent to 117 questionnaires 
made to the public, 48 % of the respondents stated that they would like to see: 
(1) More emphasis on natural heritage sites 
(2) Change to a more practical campaign  
(3) Invest in water retention policy for Gozo 
(4) Limit car exhaust and fumes as much as possible 
(5) Give more attention to natural degraded areas 
(6) Increase in economic and job opportunities for Gozo 
Such results can serve as an indicator of public opinion and should act as a guide to 
any proposed management aimed at enhancing the resilience of both the system in 
consideration as well as the larger scale. Points (1) and (5) can be addressed through 
the restoration of the historical sites at Ramla, the protection and regeneration of 
maquis sites and the continued management of the dunes. Point (3) could be tackled 
through the efficient use of water and/or the collection of water that is lost from run-
off which flows over the streets in Xagħra and Nadur. Point (6) could be tackled as 
suggested in section 4.7.1.1. Referring to the Ramla Beach, Gauci (2010) stated that 
management and conservation should strike a balance between the environment and 
the needs of society. This should be kept in mind when considering resilience of a 
system when implementing management thereby ensuring that the protection of 
nature and its environment is not detrimental to the society at large. 
 
The next and last chapter shall summarise the key conclusions emerging from this 
Resilience Assessment study. 
 Chapter 5 
 
 
Conclusion 
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5.1 Summarised results 
The study has determined that the main research question, “To what extent is the 
Ramla system in Gozo resilient to change?”, can be accepted for the most part of the 
system. Thus the Ramla system can be considered resilient. The following are the 
main aspects determining such a conclusion.  
1. Considering the system at its focal scale, the system has remained relatively 
unchanged over the period of study. The components of the system, namely 
the vegetation components which compose the system, the mixture of 
agricultural land, and the mixture of land-use within the system between 
agricultural and natural areas have not changed. 
2. While the beach area has been identified to be a dynamic system, the extent of 
the system, as depicted by the aerial photographs, was determined to be 
generally the same size. While changes in extent are acknowledged, the beach 
system can be considered to be in a state of stable fluctuation. Storm events do 
happen and these change the beach system, but the fact that the photographic 
evidence highlights a consistent beach system, indicates that up till now the 
beach system has been resilient to its seasonal pressures. However, resilience 
affected by possible climate change could not be determined from this 
exercise. 
3. Urban development around and within the valley has been greatly reduced 
with the exception of the new cemetery at Nadur. This can impact the water 
catchment area. On the other hand, no significant changes in the frequency of 
threats or other types of pressures (such as severe storm events) have occurred. 
Other pressures, namely soil erosion and water extraction are still present 
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within the system. Despite these pressures, the system still appears to be 
functioning adequately especially with the continual use of the agricultural 
land and the growth and survival of vegetation communities. The latter include 
the growth and survival of the Arundo donax, the maquis communities and the 
survival of the Eucalyptus and Opuntia stands. This is indicative of resilience 
of the ecological and anthropological aspects of the system. 
4. With regard to resilience of the edaphic and water system, further research on 
the status of the water aquifer system is required. Additional studies should be 
carried out to assess the run-off of sediment and soil within the system both 
from the valley as well as from the three roads leading into the system from 
Nadur, Xagħra and Calypso. The studies should focus on the run-off flow and 
its hydraulic capacity which will have a direct impact on the soil system.  
5. Despite the system appearing stable, one should not exclude the possibility 
that aspects of the system might be moving towards critical thresholds; 
particularly when considering the water aquifers within the system. Even if the 
manifestations of such a shift are not evident, management to prevent it should 
be given priority. 
   
In addition, the following aspects should be considered when considering smaller 
scale resilience. 
A.  Resilience of individual land parcels 
i. Resilience of the water system is dependent on the fields. There are at least 7 
reservoirs within the system (refer to Appendix 14). More reservoirs could be 
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present within the agricultural land. If these reservoirs allow for the collection 
of run-off, then these fields would be more resilient in terms of water 
resources when considering: (1) the possibility of aquifer over-exploitation 
and (2) water quality in terms of chloride levels and other chemical 
parameters. However, this would mean that less water would be available for 
non-agricultural system components. Subsequently, management within the 
system could also consider water efficiency practices when effecting 
irrigation. These include irrigating at night, repairing leaks and constant 
maintenance of current reservoirs. Therefore, a study should be carried out to 
identify the total number of reservoirs within the system, establish their 
capacity and conduct a comparative study of the said capacity and the fresh 
water demands of the system.  
ii. Resilience will also depend on the agricultural activities. Thus, if these cease, 
the land can easily be taken over by other ecological communities. Both the 
natural communities, namely the maquis community, as well as the 
anthropogenically introduced communities namely the Eucalyptus and the 
Arundo donax have increased in their extent. These can be considered as 
alternate stable states of the system, where the maquis is considered as a 
natural alternate state. Either state can be considered resilient in their own 
right. The maquis community being resilient to the characteristic pressures of 
the Maltese Islands, particularly the summer temperatures, drought and 
associated water shortages. The Eucalyptus and Arundo donax are resilient 
due to their extensive root systems/colonies, and re-sprouting abilities. In 
addition, Eucalyptus also possesses allelopathic properties. Abandoned 
agricultural land would be the least resistant to undergo transitioning to either 
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alternative stable state.  The fact that natural Maltese vegetation was able to 
take over the agricultural land indicates the resilience of that system 
subsequent to disturbance. However, the protection of such communities is 
important, due to the presence of vegetation of local importance. 
iii. The smaller scale is important due to its contribution to the status of the soil 
within the whole system. 
    B. Resilience of dune system 
i. The presence of the Gaia Foundation, as a manager to the beach system, 
whose efforts to maintain the Arundo donax and vine species from 
encroaching upon the system, can be considered to assist in the resilience of 
the system to a certain extent. Although one can consider the resilience of the 
dunal system as possibly becoming dependent on human intervention, the 
extent of the latter’s contribution is unknown. In addition, the NGO expressed 
the difficulty of managing the Arundo donax (Gaia, 2012). Looking at both old 
photographs and the aerial photographs, it is clear that the system is currently 
different to what it was 90 years ago – with vegetation, namely Arundo donax, 
having encroached in extent.  
5.2 Recommendations 
This Resilience Assessment should form the basis for further studies. Particular 
attention is to be given to those aspects which could not be investigated due to the 
limitations. Section 5.2 of the Resilience Assessment Checklist provides a list of 
variables characterising the system which can serve as indicators of change within the 
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system. Frequent monitoring of these variables and their correlation with system 
change, can further strengthen system understanding. Such variables include: 
 Agricultural holdings 
 Information on nesting and migrating birds  
 Agricultural produce and profits derived from such produce 
 Employment generated within the valley 
 Vegetation cover, vegetation and genetic diversity 
 Consumption of water used for irrigation purposes 
 Water aquifer levels, water quality, water abstraction levels 
 Discharge times and levels of fresh water springs    
 Soil quality (pH, salinity, etc.) and current soil levels and moisture content 
 Sediment budget (from Ramla and Pergla Valleys) 
 Sediment collected from clean-up operations  
 Growing seasons of crops and vegetation 
 Crop water requirements 
 Flows of beach users and vehicles according to visiting times 
 
Baseline studies of the beach system should be carried out thereby ensuring a 
scientific approach to management. In addition, the changing climatic patterns or the 
flow of water within the system should also be considered. Moreover, apart from data 
collection, the following courses of action are being suggested: 
 Identifying the ecological impacts of Arundo donax and Eucalypytus on water 
resources; 
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 Identifying whether the Arundo donax and Eucalyptus provide a degree of 
ecosystem services (such as carbon sequestration or the possibility of Arundo 
donax contributing to the maintenance of water quality).  Similar studies on 
the carbon sequestration capabilities of the local communities should be 
carried out, to enable the comparison of data for these species. If the other two 
species are deemed to contribute minimally in the provision of any ecosystem 
services, gradual replacement with local species should be carried out. The 
landscapes characterised by Eucalyptus require studies of the extent of soil 
quality alteration; this will determine whether local species can be planted 
immediately to replace the Eucalyptus without necessitating remediation. The 
same practice can be carried out when replacing Arundo donax in other sites 
of the valley. The removal of Arundo donax around the dunal systems should 
be carried out in phases to enable the dunal vegetation to take over.  
 Prior to any attempts to rehabilitate the dune system and subsequent to the 
confirmation that Arundo donax is absolutely not providing any benefits,1 the 
following  should be considered: 
- Studies of Mediterranean island dune systems should be conducted. 
This will enable the identification of the characteristic patterns of a 
natural state of a coastal dune system. The study would identify: 
whether the dunal system could extend inland; the type of vegetation 
that characterise the system (whether it is dunal or successional 
                                                          
1
 This however, might not be the case since ecological components all play a role within the system – 
Arundo might be providing services as suggested in the Assessment Checklist and which are currently 
overlooked. However, if the benefits provided by Arundo are outweighed by other states, consideration 
of working towards those alternate states could be viable. 
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communities). This would provide information of how Ramla might 
look like, had it not been converted for agriculture. 
- Decisions on the extent of rehabilitating the dune system should be 
taken after consultation with relevant stakeholders. This should 
primarily be considered if rehabilitation would be limited only to the 
former agricultural land behind the dune systems currently dominated 
by Arundo donax. 
- Support should be obtained from all the relevant stakeholders, while 
responsibilities of the project should be clearly assigned to relevant 
managers. NGOs, MEPA, the Ministry of Gozo and Local Councils, 
should all be involved. All the necessary resources should be made 
available beforehand.  
 Effecting land conversion. In this respect the following are to be 
considered: 
- Rehabilitation of abandoned agricultural land to include Maltese 
vegetation which could be used to produce traditional Maltese 
products. The labour to cultivate and harvest such vegetation can either 
be derived from part-time summer workers or even tourists if eco- or 
agro-tourism is set up. Both the production aspect and the possible 
tourism aspect could result in the creation of managerial and other 
service related employment. The products could be sold in the vicinity 
in particular in Xagħra, which is also a main tourist destination due to 
the Ġgantija temples. The possible impacts of the manufacture of the 
traditional products on already established operators selling similar 
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products have not been determined in this study. However if the 
management of the land is handed over to them in conjunction with 
other operators it would probably reduce any negative impacts. 
- Setting up of new enterprises. In instances where farmers would not be 
willing to farm the land and dedicate time and labour, agreements 
could be set up with new or existing enterprises who would work the 
fields instead of the farmers. Subsequent to the conversion of fields to 
orchards, labourers could include gardeners and fruit pickers. 
Consideration should be given to include part-time students in the 
summer season. The whole enterprise could provide full-time jobs such 
as sales-representatives, distributors, etc.  
- In addition to rehabilitation, efforts could be made to delineate the 
boundaries with shrubs or trees which could support soil protection and 
provide additional crops and ecosystem services. 
 Due consideration is to be given to the Beach System 
- Studies on the sediment budget and other studies associated with the 
beach dynamics should be carried out – particularly with regard to the 
removal or otherwise of pebbles since these are a major issue within 
the system.  
- Results of the above mentioned studies would enable proper 
management direction and choices for the beach system. 
 Ameliorating governance  
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- Governance is the result of the various forms of management. The 
latter are undertaken by MEPA, respective Ministries or NGOs. The 
presence of the Gaia Foundation within the system, together with the 
input of MEPA and the Ministry of Gozo can be considered as an 
example where adaptive governance can take place if their 
management takes the form of a more integrated manner.  
- Governance and management can be improved by: delegating 
responsibilities at the Local Council level; assigning environmental 
and ecological experts to assist management at Local Council level; 
liaise with the public and NGO’s at the level below and equal to the 
Local Council and liaise with MEPA or the Ministry of Gozo at levels 
above the Council level. By distributing responsibilities across levels 
(multiple nodes), a more efficient way of management can be achieved 
thereby alleviating the work load from the main managers, namely 
MEPA and the Ministry of Gozo, who would not have the adequate 
man-power to monitor systems at such detail. 
- Co-ordinate programs with the University of Malta and other interested 
Institutions to study the various aspects of the system.   
- Financial incentives and support should be provided to assist farmers 
convert agricultural practices to support organic farming or practice 
landscape rehabilitation. 
- Stricter fines should be imposed upon individuals breaching the law, 
especially since a number of illegalities were recorded in the system. 
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Examples are: illegal dumping of debris and soil without seeking prior 
permissions; the operation of wells without WSC licences. 
- Funds should also be made available for the restoration of the 
historical features of the system and to enable a more intensive study 
and cataloguing of the Roman Villa’s features.   
5.3 Final thoughts 
Though the use of Geographical Information Systems (GIS) and other software tools 
could have assisted in the analysis, time constraints did not permit the inclusion of 
such analysis in this work. Nonetheless, the quantification of changes may be an 
interesting aspect for future studies and consolidation of this Resilience Assessment. 
The assessment process as indicated by the Resilience Alliance hand book (2010) 
appears to be a sound process. The guidelines provide a straightforward, yet intensive 
study, which enables a holistic approach when assessing systems. This study supports 
the recommendation of adopting this framework to conduct assessments of other 
systems within the archipelago with the aim of devising appropriate management 
policies. 
 Appendices 
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Appendix 1  Policies related to the area of study 
 
The main documents related to the area include the Structure Plan of the Maltese 
Islands and Gozo and Comino Local Plan (GCLP). The latter makes reference to the 
various policies formulated in the former. “[Setting] out strategies and policies to 
reconcile development needs with the safeguarding of the natural and built 
environment” (Cassar, 1997), it provides an overview to guide resource management, 
conservation, protection and the creation of resources (Structure Plan, 1990). Ramla l-
Ħamra had been designated as an Area of Ecological Importance (AEI) and (Site of 
Scientific Importance (SSI) under the Structure Plan. 
The GCLP Map 14.12-E indicates a number of management policies within the valley 
and its catchment namely, GZ-UTIL-7 which addresses the Aquifer Protection Zones 
in the catchment area and better use of surface run-off through the maintenance and 
upgrading of existing dams, GZ-Xghr-3 which refers to the specific management 
policy set up for the Ramla beach area and the formulation of a Management Plan for 
the protection of vulnerable habitats in a way compatible with MEPA policies and 
GZ-RLCN-1 which focuses on the conservation of rural areas, through the 
identification of areas of environmental, scientific or cultural importance (MEPA, 
2006), It also refers to the policies within the 1990 Structure Plan namely the Rural 
Conservation Policies RCO’s 1-5, RCO 10-12 and lays down significant opposition 
towards the erection of new built structures within the stipulated areas. It indicates 
objectives and set targets for baseline studies and monitoring programmes as well 
proposes  
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GZ-UTIL-7 refers to methods of surface water management, and states that the 
proposals for construction of additional water retaining dams in Gozitan valleys will 
only be considered if an Environmental Impact Assessment (EIA) is carried out. In 
addition, all the valleys in Gozo, which have been scheduled as Level 1 or 2, should 
not be exploited for water catchment purposes, and that maintenance and upgrading of 
existing dams is a preferred option. The fact that the Valley is not scheduled as level 1 
or 2 does not necessarily impact its management, particularly since the Aquifer 
Protection Zones in the vicinity aim to control the damage that water flows can have 
on the system. The Local Plan document states that dams can help slow water speeds 
and aid infiltration.  
GZ-RCLN-2 refers to RCO 28 and RCP 29. RCO 28 prevents development from 
occurring within valleys thereby ensuring the protection of water resources since 
valleys are vital catchment areas. RCO 29 addresses the flexibility given towards road 
and services upgrading, wind-pumps, reservoirs and other facilities deemed necessary 
for traditional agricultural practices. However, it reaffirms the position against the 
construction of new structures within valleys stating that intervention can occur 
towards mitigation measures to preserve the rural landscape. Table 1.1 summarises 
the main aim of each mentioned policy.  
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Policy Main Aim 
RCO 1 Establishes Rural Conservation Areas based on the Agricultural Value, Ecological 
Importance, Scientific Importance and Archaeological Importance  
RCO 2 Prohibits urban development within Rural Conservation Areas. Development 
allowed only if essential for agriculture, ecologic or scenic interests. Compliance 
with policy RCO 4 
RCO 3 Imposes the drafting of respective Local Plans to specify boundaries of Rural 
Conservation Areas. Specifies measures of protection, enhancement and conflict 
resolution between uses and activities in the area. 
RCO 4 Prohibits development which breaks a presently undisturbed skyline, 
dominate/disrupt the surroundings, obstruct pleasant/ panoramic views, affect 
factors contributing to the visual composition of area or introduce alien forms, 
materials, textures or colours. 
RCO 5 Addresses the granting of permission of development of new or extended 
infrastructure by the Planning Authority (today MEPA) provided that measures 
taken to mitigate the visual impact of the proposed development are acceptable. 
RCO 10 Identifies and designates Areas of Ecological Importance (AEI)  
RCO 11 Designates Sites of Scientific Importance 
RCO 12 Establishes a system of protection ratings to Areas of Ecological Importance and 
Sites of Scientific Importance within the Local Plans. 
RCO 28 Addresses the protection of valleys as important water catchment areas  
RCO 29 Prohibits development on valley sides and water courses, except for that aimed at 
preventing soil erosion or the conservation and management of water resources. 
 
Table 1.1: Main aim(s) of Rural Conservation Policies (source: Structure Plan, 
1990)  
 
Protection ratings and set criteria stipulated in RCO 12 policy are represented in Table 
1.2. Whilst, designated status and proposed protection rating of areas within the AOS 
are presented in Table 1.3. 
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Protection 
Rating - Level 
Criteria 
Level 1 Important habitat types of small areas and/or sites with unique 
species or features 
Level 2 Important habitat types in relatively large areas and/or sites with 
rare species or features 
Level 3 Areas where control is crucial for the preservation of nearby 
habitats, species or features 
Level 4 Habitats/features of general interest 
 
Table 1.2: Protection ratings and set criteria stipulated in RCO 12 policy (source: 
Structure Plan, 1990)  
 
Area 
 
Designated Status & Proposed Protection 
Rating 
Coastal Area, Lower Wied il-Pergla, water 
courses within Ramla Valley, escarpment 
along Xagħra 
Proposed Level 2 (or higher) 
Whole valley system, Upper Wied il-Pergla Level 3 or higher 
Sand Dunes Level 1 & 2, Natura 2000 
Ramla Beach Level 3, Natura 2000, Special Area of 
Conservation of International Importance 
 
Table 1.3: Designated status and proposed protection rating of areas within the 
AOS (source: Gozo and Comino Local Plan, 2006)  
 
References 
1. Ministry for Development of Infrastructure Planning Services Division (1990) 
Structure Plan for the Maltese Islands – Draft Final Written Statement and 
Key Diagram. Belt is-Sebħ, Malta. Available from: 
http://www.mepa.org.mt/lpg-structureplan 
159 
 
 
Appendix 2  Rural Conservation Policies – An overview 
The following is an overview of the Rural Conservation Policies with sepcial 
reference to the AOS. 
 
RCO 1 refers to the establishment of Rural Conservation Areas based on the 
Agricultural Value, Ecological Importance (focusing on the protection of typical and 
rare habitats), Scientific Importance (focusing on individual or groups of species, and 
geological features) and Archaeological Importance (based on whether there are 
National Parks, or Areas of High Landscape Value).  
 
RCO 2 states that no form of urban development can take place within Rural 
Conservation Areas. Possible development will only be considered if this is essential 
for agriculture, ecologic or scenic interests, provided that these do not infringe upon 
policy RCO 4. RCO 2 also states that rehabilitation or suitable change of use of 
already existent buildings can also be carried out if it improves the rural environment.  
 
RCO 3 refers to the drafting of respective Local Plans to specify the boundaries of 
Rural Conservation Areas, specifying the measures of protection and enhancement to 
be adopted, as well as conflict resolution between uses and activities in the area.  
RCO 4 and 5 address scenic values of the area.  
 
RCO 4 states that the Planning Authority will not approve developments which may 
break a presently undisturbed skyline, visually dominate or disrupt the surroundings, 
obstruct a pleasant or panoramic view, affect any factor contributing to the visual 
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composition, such as traditional stone walls, impact existing trees or shrubs, or 
introduce alien forms, materials, textures or colours.  
 
RCO 5 refers to the fact that if any development of new or extended infrastructure 
were to occur, permission would only be granted at the discretion of the Planning 
Authority subsequent to them accepting that all measures are taken to mitigate the 
visual impact of the proposed development.  
 
RCOs 10, 11 and 12 deal with ecological aspects.  
RCO 10 relates to the identification and designation of Areas of Ecological 
Importance (AEI) based on the presence of permanent springs, saline marshlands, 
sand dunes, forest remnants, semi-natural woodland, natural freshwater pools and 
transitional coastal wetlands, deep natural caves, coastal cliffs and examples of typical 
Maltese habitats such as garrigue, maquis, valley sides, watercourses, and gently 
sloping rocky coasts. At this stage, it is worth noting that the AOS possesses 
characteristics namely, sand dunes, valley sides and water courses, to classify it as an  
AEI. 
 
RCO 11 relates to the designation of Sites of Scientific Importance, with the presence 
of endemic species or non-endemic species in specific localities in the Islands, the 
type locality of the endemic species, a locality of special paleontological interest, a 
presence of a lithostratigraphical type, a site of geomorphological interest or any other 
specific scientific features determining the establishment of such sites. This policy is 
closely related to RCO 10, especially with the presence of dune organisms within the 
system.  
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RCO 12 establishes a system of protection ratings to Areas of Ecological Importance 
and Sites of Scientific Importance within the Local Plans. Such areas have been 
identified in the Local Plans provided in Appendix 9. Level 1 zones refer to important 
habitat types of small areas and/or sites with unique species or features; Level 2 zones 
include important habitat types in relatively large areas and/or sites with rare species 
or features; Level 3 zones include areas where control is crucial for the preservation 
of nearby habitats, species or features; while Level 4 zones would include 
habitats/features of general interest. The coastal area of the AOS (including lower 
Wied il-Pergla), the water courses within the Valley and the escarpment along Xagħra 
is proposed as Level 2 or higher, the whole valley system (including Upper Pergla) in 
turn is proposed as a Level 3 area. The dunes have been scheduled as Level 1 and 2 
while the rest of the beach has been scheduled as Level 3. In addition, the beach area 
is also designated as a Natura 2000 site and described as a Special Area of 
Conservation of International Importance.  
 
RCO 28 and RCO 29 address valleys. The Structure Plan states that “valleys are a 
valuable national resource in terms of water resources, agriculture, wildlife, 
landscape, soil conservation, and leisure.” Dredging, though important to keep 
watercourses free of debris, should be carried out in a manner to prevent disruption of 
natural communities and accelerated soil erosion.  
 
RCO 28 states that valleys have to be protected as important water catchment areas 
while RCO 29 states that no new development will be allowed on valley sides and 
water courses, except for development aimed at preventing soil erosion or the 
conservation and management of water resources. This policy also refers to the fact 
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that the repair of existing dams is preferred over new construction in conjunction with 
regular maintenance. The Planning Authority ( MEPA) would determine the extent of 
dredging in order to minimise negative impacts, will take action in collaboration with 
Government Agencies towards the prevention of waste dumping in the valleys and 
aims to safeguard valleys for walking and other recreational activities through the 
prohibition of vehicles (except those used in agricultural and maintenance of the 
valleys).  
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Appendix 3  Gozo – An overview of its characteristics 
3.1 Characteristics of the island 
“Gozo is an ecological niche which is worth preserving and nurturing” (Tabone, 
1996). The island referred to “Fertilis ab undis caput effero” meaning “a fruitful land 
raising its head from the sea”, is situated about 8 kilo metres North-West of Malta and 
is second largest island in the Maltese archipelago. It has a surface of 72 square 
kilometres with the highest point. Ta’ Dbiegi’ rising 195 metres above sea level. Gozo 
is hillier than Malta and due to the predominance of blue clay it has a greener 
landscape and is more fertile than Malta. 
 
In his manuscript ‘Il Gozo Antico e Moderno Sacro e Profano’, Canon Gian Pietro 
Francesco Agius De Soldanis (1712-1770), the father of Gozo’s history wrote that “ 
…because of God’s mercy the island of Gozo is abundantly fertile… God singled it 
out and gave it fertile land, pure air and abundant water” (Agius De Soldanis, 1936). 
In this manuscript De Soldanis refers to its climate as “advantageous to our health” 
and asserts that “ the climate of Gozo is healthier to man than in other parts of the 
Maltese islands” so much so that sick people used to spend some time in Gozo to 
recover.  
 
De Soldanis mentions Abela who stated that a land can be called fertile if it has clean 
air, good soil and abundant water and Gozo possesses these qualities as Sicily which 
is known for its fertile land. He also quotes Bosio who said that Gozo’s soil is good, 
with its ample water supply the land is suitable for harvesting wheat and fodder. 
Having deeper soil, Gozo’s harvest gives a greater yield of wheat and barley than 
Malta. In addition to the citrus, olive, fig and mulberry trees, the Gozitans can harvest 
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other fruit and have a better harvest if only they are prepared to work harder and take 
agriculture more seriously (Agius De Soldanis, 1936). In this manuscript, De Soldanis 
mentions that even the authors Niderstedio, Baudion, Gemelli and Ciantar, amongst 
others, state that Gozo’s land is fertile land. Gozo was also known for its cumin and 
sesame seeds and cotton production. In addition to wheat and cereals, the farmers 
started sowing peas, chick peas, broad beans lentils and other seeds. The food produce 
increased with the provision of water sourced from boreholes.  
 
Bonamico, quoted in De Soldanis manuscript, said that throughout Gozo one could 
find beautiful gardens with diverse fruit trees mostly in the Nadur and Xagħret l-
Għażżenin area because of the availability of water sourced from old and newly dug 
up boreholes. The grapes were harvested in large quantities and the excess was made 
into wine or taken to Malta. In addition to grapes, Gozo ‘exported’ all types of fruit to 
Malta on a daily basis; this was transported in two large boats and several small ones. 
Moreover, the Gozitans reared animals and birds for their needs and the needs of the 
Maltese. Oxen, calves, sheep, goats, lambs, turkeys, pigeons and other species were 
transported on a vessel referred to by the islanders ‘Il-Mogħdija’, which means ‘the 
passage’.  
 
3.2 Vegetation and flora 
“As is to be expected the flora and vegetation of Gozo is essentially similar to that of 
Malta” (Lanfranco, 1996). Ramla Bay is a sand dune habitat and is the least spoilt of 
the remaining coastal sandy communities in the Maltese islands and is now protected 
by protective legislation. According to Lanfranco (1996) it is the “last refuge” of a 
number of typical dune species namely Pseudorlaya pumila, Euphorbia paralis and 
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Echinophora spinosa. Few indigenous trees exist on Gozo and in fact there are no 
records of several species such as Evergreen Oaks (Quercus ilex), Aleppo Pines 
(Pinus halepensis), Grey-leaved Elm (Ulmus canescens), White Willow Salix alba 
and Mediterranean Willow (Salix pedicellata). However the African Tamarisk 
(Tamarix africana) and the Chaste-Tree (Vitex agnus-castus), which are very rare in 
the Malta and Comino are widespread in Gozo.  
 
3.3 Past natural disasters 
In a conversation with Mons. Joseph Bezzina, Assistant Director of Archives, 
National Archives of Gozo (NAG), the latter mentioned that a Tsunami hit the island 
in 1693 but it did not affect the Ramla area (J. Bezzina 2013, pers. comm., 10 July). 
In his article ‘The Gozo Windmills’, Attard Tabone mentions a whirlwind which hit 
the island in 1939, and Frenċ Attard witnessed the tower of the Għasri windmill being 
blown off in the whirlwind (Attard Tabone, 1996). No information was given whether 
this episode affected the Ramla area. 
 
3.4 Past hunting activities  
In his manuscript De Soldanis also mentions the reduction in the manufacture of 
honey and the goodness of the Gozitan cheeselets. He also recounts how in the past 
one could hunt for wild rabbits, domesticated rabbits, partridges and turtle doves but 
by 1712 these was almost completely destroyed so much so that in 1738 the Governor 
of Gozo, the Knight De Marbeuf, and subsequently in 1742 the Knight De Remcking, 
who were both hunting fanatics reared more of these animals at their own expense. 
However, their endeavours proved futile as the hunters managed to overhunt these 
animals so much so that only a few wild rabbits were left. Several species of birds fly 
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over Gozo on a yearly basis these being: golden orioles (għasafar sofor), bee eaters 
(qerd in-naħal), larks (alwett), snipes (bekkaċċi), turtle doves (gamiem), quails 
(summien), song thrushes (mlievez), peregrine falcons (isqra), eagles (ajkli), marsh 
hawks (bugħadam) and others (Media Centre, 1999). The hunters also hunted down 
migratory birds and were legally obliged to pay ‘taxes’ by giving to the Grand 
Master’s Falconer every peregrine falcon that they trap to the Viceroy and other kings 
of Sicily (Agius De Soldanis, 1936). This obligation was imposed by King Charles V 
of Spain on 23 March 1530. The Government hired trappers to hunt on land where 
hunting and trapping was not prohibited by the Grand Master’s ‘edicts’, one site being 
at Kortin facing Riħan Valley (Wied Riħan) (Media Centre, 1999). Plate 3.1 depicts 
Gozitan hunters tracking hares in Tal-Gelmus Victoria.  
 
Plate 3.1 Hunting, one of the most popular hobbies in Gozo, c. early 1900 
(source: Cini, 1992) 
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3.5 Gozo under the French - The attack and defeat 
Throughout their 141 day reign, the French managed to disturb “so many so much in 
such a short time” (Bezzina, 1998).  “On the morning of June 9, [1798] the ships were 
slowly sailing along the coast of Gozo” (De Bono, 1998). Napoleon had assigned 
General Reynier for the long planned attack on Gozo. Though, Napoleon had planned 
to land his troops at Għajn Riħana, the French troops disembarked below Rdum 
Vnuta. The rouse was not completely successful as a number of about two hundred 
Gozitans immediately took off towards the cliffs above the disembarkation cove and 
began to fire fusillades on the French boats, mortally wounding Sergeant Major 
Bertrand who was on the same boat as General Reynier. Fire opened at the Ta’ Sopu 
Tower and the new Ramla Battery but the French managed to take over even though 
the “Gozitans were a hard nut to crack than Bonaparte had imagined (Bezzina, 
1998)”. 
 
Reynier regrouped his forces on Ta’ Venuta cliffs, ordered a section to go down the 
nearby side of Ramla Bay and to attack and capture Xagħra. Reynier led the troops to 
Nadur where they stole an ox and barbecued it in the small square behind the parish 
church (De Bono, 1998). The troops hurried towards Chambray and later the Citadel. 
By nightfall Gozo was under the French. During the initial attack, the French troops in 
Gozo lived by organised pillages, they devastated the fields, looted homes and ill-
treated the people. When fuel was short they destroyed trees even doors and windows. 
Such pillages were sanctioned officially when Reynier embarked on June 16, 1798. 
After robbing farmers the French turned to the treasures of the churches and of the 
Universitas. According to a statement issued to Bonaparte, 7,578.09 scudi, 18,189 
francs were seized from the Gozo treasury. They also emptied the granaries within the 
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Citadel to feed their troops (Bezzina, 1998). The latter resulted in an immediate 
shortage of bread on the Island. In his six-day stay Napoleon attempted to reform civil 
and religious establishments. The Franciscan Conventuals and the Capuchins were 
closed down. The purpose behind this was to ransack the convents from their 
valuables robbing all the past three hundred year proceeds of the church. The parish 
church of Nadur and Xagħra were also affected. Thefts in other churches were halted 
as valuables were buried on tombs. Much hardship ensued as the Augustinian Friary 
was constrained to take in the homeless Maltese members of the Order so much so 
that some of the Maltese inmates left for Malta to live with their families. Many of the 
French enactments never came to force in Gozo even though they were legally 
binding. This was not the case of the creation of the ten municipalities to which two 
were in Gozo, namely the Municipality in Rabat and that of Xagħra comprising of 
Xagħra, Nadur and Żebbuġ (De Bono, 1998). When life partially returned to normal 
many men, women and even children found part time work with the French. Women 
were engaged in sewing, darning and washing uniforms and bedding, Men carried out 
all sort of work including the provision of transport and worked as labourers. 
 
Keeping the four jurats that had been nominated by the Order, the French used the 
Universita` to fork out money for their expenses. Many Gozitans were never paid for 
their work and services carried out during French occupation (De Bono, 1998). The 
Gozitans rose in rebellion on the same day as the Maltese, September 2 [1798]. 
Within a matter of days Gozo was back in the hands of the Gozitans except for the 
Citadel under the command of Lt Colonel Lockey, Fort Chambray and Garzes Tower. 
The latter two were taken over a few days after. In the attack on Chambray, five 
Gozitans, two from Nadur perished. On the September 18, 1798 the national congress 
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elected a provisional government under Arch Saverio Cassar, head of government and 
inspector general. Since most man had enrolled in the army, most of the fields lay 
uncultivated. The Citadel attack by the poorly armed peasants under the command of 
Cassar was unsuccessful. So Saverio Cassar sought help from Lord Nelson who 
appeared off the Island. Alexander Ball asked Lockey to surrender and on the  
October 28, 1798. Subsequently the French garrison marched out from the Citadel to 
lay their arms at it-Tokk and to be escorted to the awaiting ships by the British. “Gozo 
had come out victorious in a very risky and dangerous battle which the islanders had 
fought, unaided by the Maltese” (De Bono, 1998).  
 
3.6 The British rule 
Gozo had become an independent entity the day that French signed their surrender. 
The immediate independence costed the Gozitans to send all the food stores, mainly 
3,200 sacks of corn and most weapons found in the Citadel to Malta. On the initiative 
of Saverio Cassar, the King Ferdinand of Naples sent 2,000 salme of corn to the 
Gozitans. The latter repaid the King by sending monthly shipments of spun thread (De 
Bono, 1998). The turn of events created friction between Sir Alexander Ball and 
Cassar and made him and Gozo emarginated. On  May 14, 1801, Cassar was kicked 
out of office and was replaced by Emanuele Vitale as Governor of Gozo. Thus, by 
1800 the Maltese Islands were under the British rule and throughout the 19th century 
the population of Gozo rose from 14,340 in 1842 to 18,960 in 1891. Many Gozitans 
were forced to find work in Malta, hard stone cutters (baqquniera) or in soft stone 
dressing (naġġara) or emigrate to North Africa (Attard Tabone, 1996).  
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3.7 Agriculture and fishing 
In the past the Gozitan economy was associated with unemployment and emigration 
and between the mid-1950s and mid 1980s around 14,000 Gozitans had to emigrate 
mostly to Australia, USA, Canada and other countries. This figure exceeded the 
number of births during the same period (Brigulio, 1995). Until the end of the 
nineties, agriculture and fishing were the most important economic activities, this 
amounted to 6% of the total employment in Gozo in 1994 and was almost three times 
as much as the Maltese sector which was 2.4% in the same year (ETC & MEI, 1994 
in Brigulio, 1995). Over the past decade tourism and manufacturing started to 
contribute also to the economy.  
 
The agricultural sector in Gozo is on the decline. The number of full-time farmers 
dropped from 1600 to 225 between 1971 to 1991; agricultural land decreased from 
26,000 to 15,000 tumoli during the same period. Between 1971 to 1983, the idle 
agricultural land in Gozo increased from 24.5 % to 47.8% of all idle agricultural land 
in the Maltese islands (M. Tabone, 1996).  
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Appendix 4  Ramla Valley – An overview 
Ramla valley separates Nadur from the hill of Xagħra. The name of Ramla was given 
because of the abundance of sand found in the site. The village of Nadur obtained its 
name from the Arabic word “Nadar” which means “to see or a look-out point” 
because from this hill, being a plateau 512 ft [156 m] high (Gauci, 1966) one could 
spot the enemy advancing from any direction. According to De Soldanis, this village 
which was adorned with gardens was provided with good quality water. The beauty of 
this village is a result of its elevation and myriad of valleys, one being the Ramla 
Valley. Nadur was declared a parish in 1688 but some areas in the village was 
inhabited long before this (MTA, 2002). Xagħra, which is referred to as the village of 
the goddess and the Madonna, is built on a hill to the central North-East of the island. 
The village was one of the earliest inhabited areas of Gozo. In early modern 
documents, the plateau was referred to as Xagħret il-Għażżenin but later the name 
Xagħra prevailed. The name of ix-Xagħra is first recorded as ‘thax ahara’ in the acts 
(Xagħra Local Coucil, 2013). These two villages make up 25% of the total population 
of Gozo (refer to Table 6.5 in Appendix 6). 
 
The road leading to Ramla Bay and passing through the valley was constructed after 
1966 as in his book, Gauci stated that it is the “course of construction… and will be 
10,000 feet long and 35 [feet] wide” (Gauci, 1966). In the conclusion of his article 
appearing in Ir-Review entitled “Sejba fir-Ramla” issued on March 16, 1960 the 
author remarked that a proper road leading to the bay is still inexistent, “illum lanqas 
m’hemm biss triq suriet in-nies biex wieħed jidħol għaliha [il-bajja]” (translation: “To 
date there is no suitable access to the beach”). Plate 4.1 depicts the Bay before the 
road was constructed.  
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Plate 4.1: Ramla Bay before the road was constructed (source: Cini, 1992) 
 
In the past this valley was used for hunting so much so that on September 30, 1695 
the Grandmaster Alof De Wignacourt kept this valley, and other similar valleys, for 
his own use. Hunters were prohibited to hunt with rifles, dogs, weasels, nets and other 
methods. If approved by the King of Sicily Charles III, offenders could face from 
three years rowing in the galleys, without remuneration, to exile. By time this decree  
bore no importance since the villagers1 of Nadur started working the land, planting 
vines, tending to fields and boring for water (Agius De Soldanis, 1936). In the book 
‘Gozo - A journey in the past’, Cini states that “earning a living on such a small island 
has never been easy [yet] they [the Gozitans] as frugal and industrious” (Cini, 1992).  
                                                            
1 Nadur population stood at 1,143 at the time of the manuscript writing by De Soldanis in 1746. 
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The first windmill was built in Gozo by Grand Master Carafa in the late 1680s. 
According to the historian Abela the island’s population at that time stood about 5,700 
(Attard Tabone, 1996). In 1725 the ‘Fondazione Manoel’ (Foundation) of the Grand 
Master de Vilhena financed the building to of the first mill in Xagħra and two years 
later in Nadur. These mills also had a bakery. After around forty years the mills were 
no longer serviceable and the Xagħra mill was replaced by a new one in 1787 whilst 
the Nadur mill was replaced by a new one in 1784. The latter was again replaced in 
1787 (Attard Tabone, 1996). According to Blouet (1963) quoted by Tabone, the 
income derived from the Grand Masters’ ‘Fondazione’, which financed the 
construction of its own windmills, made a significant contribution to the Treasury 
giving the Order a stake in the local economy thereby raising agricultural 
productivity. “Of all the Grand Masters, Manoel de Vilhena was the greatest 
benefactor” (Attard Tabone, 1996). He also developed the Ramla Valley for 
agriculture. By the time the Knights of St. John left the island there were a total of 
five windmills in Gozo, however more windmills were built under the British rule  
(Attard Tabone, 1996). 
 
In 1729 Grandmaster Manoel de Vilhena planted a large quantity of vines in this site 
and it is said that the return of the produce was six hundred (600) skudi annually 
(Agius De Soldanis, 1936). Ramla Bay is one of the best beaches in Malta and Gozo. 
The secluded bay is flanked by two hills with abundant vegetation (Gauci, 1966) and 
features remarkable ecological, geological, historical and archaeological highlights. 
The author of article ‘Ir-Review’ dated March 2, 1960 refers to the author Viviani 
who stated that Ramla Bay is a “spiaggia magnifica, certamente la piu` bella di tutte 
quelle che si trovano a Malta e Gozo” (translation: “magnificent bay and certainly the 
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most beautiful in Malta and Gozo”) (Ir-Review, 2 March 1960). The most evident 
feature of Ramla Bay is its red sand, which is the result of the natural erosion of green 
sand rock found on both sides of the bay (MTA, 2002). The article in “Ir-Review” of  
March 2, 1960 mentions that the red sand not only augments the beauty of the beach 
but is also good to be used in the manufacture of floor tiles, so much so that the 
Government had to take the necessary measures so that this precious sand is not 
removed from the site for this purpose  (Ir-Review, 2 March 1960). 
 
In 1733, two Turkish galleys under the command of ‘BenKit minn Sfaqs’ landed in 
Ramla Bay. The commander managed to disembark 75 Turks, the latter found the 
Mercieca family, consisting of the father Ġanni Mercieca, his wife and six children 
and took them in captive to ‘Barbarija’. The Mercieca family remained in captivity for 
two years until the Gozitans redeemed their freedom by collecting money (Ir-Review, 
2 March 1960). The French landed their troops in this bay in June 1798 under the 
command of General Reynier (Gauci, 1966) (Refer to Appendix 3) 
 
Ta’ Ħida embayment in Nadur gives a breath taking view of the valley. From such 
high points one can easily appreciate the terraced fields enclosed by rubble walls 
which are typical of the Maltese and Gozitan countryside. These walls have several 
purposes one being to prevent soil erosion resulting from wind and rain. The walls 
also serve to mark the limits of individual plots but also serve to provide mini-
ecosystems and have become the natural habitat to many species, including the lizard. 
Typical wind breakers made of dried cane are also used in this valley. The Great Reed 
(Arundo donax) grows typically near valley banks and along water courses; once 
dried, the plant provides canes which is used for various purposes. The dried cane is 
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tied together with rope to construct wind breakers to shield the crops from the winter 
Northerly winds (MTA, 2002). They are also used to produce cane curtains known as 
ħsajjar plural of ħasira which are typically used to shield front doors and windows in 
most Gozitan houses. Anton Muscat, who lives in Nadur owns a field in Ramla 
Valley. He makes wicker baskets and cane curtains and obtains the raw material from 
his one-acre field located in Ramla Valley (Borg, 2013). 
 
Due to the area’s plentiful fresh water supply, different fruit trees have been planted 
in the fields. These orchards consist mainly of citrus, pomegranate, apple, vine and 
olive trees. Almost all year round tadpoles of the Painted Frog, the only amphibian of 
the Maltese Islands, can be seen in the watercourse (MTA, 2002).   
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Appendix 5  Site description 
5.1 Introduction 
Resilience Assessment of a system requires preparatory work to enable the 
familiarisation of the manager with the system under study, thereby enabling him/her 
to obtain a clear understanding of the underlying system dynamics and of variables 
that shape the system (refer to section 5.3.1). This chapter shall provide a description 
of the system under study prior the evaluation and assessment stages. 
 
5.2 Boundaries of Resilience Assessment 
The AOS chosen for this assessment is Ramla Valley (Wied2 ir-Ramla) including part 
of the Xagħra and Nadur uplands together with the adjoining delta shaped Ramla Bay, 
also known as Ramla l-Ħamra3 (Zone A in Figures 5.1- 5.2), and Pergla Valley also 
known as Wied il-Pergla (Zone B in Figures 5.1- 5.2). The set criteria leading to the 
choice of area for this assessment were the importance of the valley system due to its 
economic, geological, ecological aspects and aesthetic value, and the previous studies 
already performed on this site by other individuals and groups, which could provide 
information/baseline reference to carry out the Resilience Assessment of the area. The 
area’s economic value stems from the fact that the unique beach attracts both 
domestic and foreign tourists, as well as from agricultural uses of the area.  
                                                            
2 Wied means valley 
3 Ħamra means red 
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Figure 5.1: Location of AOS (Zones A & B) in relation to the Island of Gozo  
(source: adapted from © Mapping Unit, Malta Environment and Planning Authority) 
180 
   
 
 
5.3 Location and description  
Ramla Valley forms part of a valley system which includes: Wied Xħajma, Wied 
Ħanaq and the six tributaries of Wied ta’ l-Kwienen, Wied ta’ l-Antellier, Wied tal-
Għejjun and Wied tal-Furnar, Wied ta’ Għajn Qasab, Wied il-Fallis and Wied Għajn 
Watar. These minor tributaries drain into the main Wied ir-Ramla which in turn drains 
Figure 5.2: Location of Ramla Valley and  its Bay (Zone A) and Pergla Valley (Zone B)  
(source: adapted from © Mapping Unit, Malta Environment and Planning Authority) 
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onto the beach (refer to Plate 5.3 and Plate 5.1) (Borg Axisa, 2002  and Scerri, 2003). 
The study will primarily focus on two valleys - the Ramla Valley and Pergla Valley 
(Zone B), which provides sediment to Ramla Bay. Figure 5.3 depict the valleys, 
tributaries and water courses of the AOS. 
 
 
 
Wied ta’ Fallis (5) 
Wied Għajn Watar (6) 
Wied ta’ Għajn Qasab (4) 
Wied il-Ħanaq 
Wied ta’ l-Antellier (2) 
Wied l-Għejjun & 
Wied tal-Furnar (3) 
Wied Xħajma 
Wied ir-Ramla  
Wied ta’ l-Kwienen (1) 
Figure 5.3: The valleys and water courses of the AOS, tributaries are numbered 1-6 
(source: adapted from GCLP Map No 8.3.1 Area Prone to Flooding) 
Wied il-Pergla 
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Plate 5.1: The stream which drains into the beach and sea, July 2013 (source: 
author, 2013) 
 
The AOS falls outside the development zone (ODZ) and consists of a coastal zone 
boundary and defined rural areas (refer to Figure 4.4).  
 
                                                                        
 
 
 
 
 
 
 
Figure 5.4: Indicated defined rural areas of Gozo (source: Adapted from MEPA, 2004) 
Key 
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Ramla valley lies between the promontories of Xagħra and il-Qortin tan-Nadur. On 
top of the Eastern plateau lies the village of Nadur whilst the village of Xagħra lies on 
the Western side. Xagħra was one of the earliest inhabited areas of Gozo. These two 
villages make up 25% of the total population of Gozo (refer to Table 6.5 in Appendix 
6). The valley consists of agricultural land, blue clay slopes and a watercourse leading 
to a temporary wetland and boulder scree (Ragonesi et al, 2000). The valley system is 
predominantly dominated by terraced farmland (MEPA, 2004).  In fact, the major 
land-use of the area is the cultivation of fields (refer to section 5.8). Agricultural land 
is located East, South and West of the bay. Pockets of garrigue also occur in the area. 
At the back of the beach one can find quaternary and contemporary sand dunes which 
support endemic fauna and flora and give the bay its ecological value. Pergla Valley 
(Zone B) is situated on the outskirts of Xagħra and located between il-Pergla and 
Għajn Damma Ridges. The valley is situated to the North-West of Ramla Valley. 
 
The road leading to Ramla Bay and passing through the valley was constructed after 
1966 (Gauci, 1966). In the conclusion to his article appearing in Ir-Review entitled 
“Sejba fir-Ramla” issued on 16 March 1960 the author remarked that a proper road 
leading to the bay is still inexistent, “illum lanqas m’hemm biss triq suriet in-nies biex 
wieħed jidħol għaliha [il-bajja]” (translation: To date there is no suitable access to 
the beach) (Ir-Review, 16 March 1960). The main access to the Ramla follows the 
path taken by the main water course (MEPA, 2004).  
 
5.4 Aesthetic value  
From the landscape point of view, Gozo is considered to be more sensitive than the 
mainland, with the most sensitive areas tending to occur near escarpments, cliffs and 
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taluses (MEPA, 2004) “ The high relief of Xagħra and Nadur contrasts very sharply 
with the low lying floor of Ramla Valley…giving the area a very high aesthetic 
value” (Scerri, 2003). The unique Maltese landscape is a dynamic one and is 
influenced by the natural and human forces. One contributing factor to the landscape 
quality is the physiography of the area with topography being a main determinant of 
viewshed4. Altitude above mean sea level, gradient and the break of slope are three 
contributing quantifiable components of topography. Plates 5.1-5.2 capture scenic 
views of the alley taken from two different vantage points, whilst Plates 5.3-5.4 
capture a view of the Ramla Bay during September and July. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 5.2: A view of Ramla valley taken from ta’ Gajdoru, July 2013 (source: 
author, 2013) 
 
                                                            
4 Viewshed - the natural environment that is visible from one or more viewing points. 
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Plate 5.3: A view of Ramla Valley taken from ta’ Ħida, July 2013 (source: 
author, 2013) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 5.4: A view of Ramla Bay taken from Calypso, September 2012. The water 
course is seen flowing towards the beach (source: author, 2012) 
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Plate 5.5     A view of Ramla Bay taken from Calypso, July 2013 (source: author, 
2013) 
 
Remoteness or inaccessibility of the area, its proximity to water courses and to the 
coast, influence greatly the landscape character of the area (MEPA, 2004). 
Remoteness of the area renders human intervention difficult. Water courses act as a 
positive contributing factor to the local landscape character. In addition, the area is 
moderately rich in archaeological sites (MEPA, 2004). It therefore stands to reason 
that the AOS is considered as an area with high aesthetic value. Most of the AOS is 
considered to be an Area of Very High Landscape Sensitivity (AVHLS – Category 1) 
and Area of High Landscape Sensitivity (AHLS – Category 2) (MEPA, 2004) (Figure 
3.5).  
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5.5 Geology  
5.5 Geology 
The geology of the Maltese Islands is mainly constituted by different types of 
limestone deposited during the Oligo-Miocene era, with some marl and clay (MEPA, 
2010). The Islands are composed of five distinct geological formations; however, 
these are not distributed uniformly within the Islands, with the AOS being composed 
of four formations namely, Upper Coralline Limestone (UCL) on top, Greensand 
Formation, Blue Clay Formation and Globigerina Limestone Formation at the base 
(Scerri, 2003) (Figure 5.6).  
 
Figure 5.5: Landscape sensitivity map for Gozo based on the landscape assessment 
model (source: adapted from MEPA, 2008) 
Key 
Not to Scale 
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The UCL is one of the resistant rock layers in the Maltese Islands. This formation 
constitutes the coralline plateaux on both sides of the Ramla Bay and valley (Scerri, 
2003). The layer is approximately 35m thick and composed of three members, Għajn 
Melel at the base, Mtarfa in the middle and Tal-Pitkal on top (Scerri, 2003). At the 
bay, the basal member outcrops at the base of the scarps of the coralline plateaux. 
Erosion by wave action provides the red sand, which obtains its colour from the 
glauconite in the parent rock. The Mtarfa member is seen overlying the basal member 
in the scarps of the coralline plateaux. This rock is relatively soft and weathers easily 
by water and wind to form caves. At Ramla Bay, the Tal-Pitkal member constitutes 
most of the tops of the plateaux. Most of the outcrops are covered with Tas-Siġra soils 
and L-Inglin soils (Scerri, 2003). 
 
Globigerina Limestone is a softer layer which, on weathering, produces gentle 
features over the interior of the Islands (Pedley et al.., 2002). The layer can easily be 
eroded by water, especially since the lime content within Globigerina Limestone 
reacts with water to create carbonic acid. This is a significant aspect within the system 
since it contributes greatly to the landscape morphology of Ramla Valley, i.e. the flat 
hilltops separated by gently rolling hills which form the Ramla Valley. The formation 
is mostly composed of the Upper Globigerina Member (UGM) and Lower 
Globigerina Member (LGM). The thickness of the UGM at the bay is approximately 
18m (Scerri, 2003). Most of the UGM subcrops beneath the sandy beach, sea shore, 
the sand dunes and soil of the Ramla Valley floor. Along the narrow watercourse in 
the central parts of the valley one can find LGM outcrops (Scerri, 2003). The Middle 
Globigerina Member is absent in the Ramla area.  
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The Blue Clay formation is also significant. The formation is very soft and is easily 
weathered away due to its Kaolinite content (Pedley et al., 2002) contributing to some 
of the landscape features within the valley and the beach. This formation can be seen 
as outcrops on either side of the bay and valley. It is covered by a variety of carbonate 
raw soils, a product of the weathering formation (Scerri, 2003). The clay content also 
allows the layer to hold water. Since the layer is abundant throughout the valley, it 
contributes to the fertility of the soils in the area. 
 
Greensand is a layer which is absent around most of the Maltese Islands but most 
common in Gozo (Pedley et al., 2002); however, it is poorly developed in the Ramla 
Valley (Scerri, 2003). On exposure to the elements, it turns brown by oxidation as 
opposed to its original bright green (Pedley et al., 2002). Greensand and Upper 
Coralline Limestone, are found in a nearby valley, known as Pergla (Cassar, 1996 in 
Borg Axisa, 2002). Climatic factors and wave action assisted in the erosion of the 
Għajn Melel (basal member of UCL and greensand) which contributed to the 
terrestrial run-off as sediment supply to the dune system. The sources of this sediment 
are attributed to come both within the Ramla and Pergla Valleys (Cassar & Stevens, 
2002). This contributes to the coloration of the sand that deposits itself on Ramla Bay 
subsequent to prevailing north-westerly winds (Cassar, 1996 in Borg Axisa, 2002).  
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Figure 5.7: Extent of the geomorphological features in Zone A (source: Scerri, 
2003) 
 
Ramla Valley and Bay are found amidst the Nadur and Xagħra Upper Coralline 
Uplands which rise between 120-135 m above sea level. These are incised with a 
series of valleys with Blue Clay slopes and Globigerina Limestone floors. A sandy 
beach with a sand dune system at the back is present at the mouth of the valley. The 
bay is surrounded by two uplands which protrude outwards into the bay and 
characterised by “undercliff” areas of steep Blue Clay slopes.  
  
The Scarps of the Xagħra and Nadur Uplands are defined as the upper reaches of the 
Ramla Valley, with the vertical scarps characterising the geomorphological features, 
and indicating the contrast between the more resistant UCL and the more vulnerable 
Blue Clay slopes. The base of the scarps are characterised by massive blocks, which 
have become detached by erosion and which have settled on the slopes below (Scerri, 
2003). The process has brought about the recession of the Coralline plateau, exposing 
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the more vulnerable lower levels of Blue Clay to the elements, and subsequently 
leading to the formation of the valley. The material, resulting from rock face erosion, 
will produce fragments and rocks. The moderately steep Blue Clay slopes below the 
scraps have been shaped by weathering through exfoliation and erosion caused by the 
movement of water. The slopes are largely covered by soil and are used for the 
cultivation of sulla, cereals, orchards and vineyards.  
 
The Globigerina valley floor is found below the slopes and proceeds to the beach at 
near sea-level. Acting as a watercourse and central drainage to the valley, the valley 
floor becomes sharply incised further downstream. Agriculture in this part of the 
valley includes vines, potatoes, sulla and fruit production. The sandy beach and dunes 
is composed of “fine, red-brown, well-sorted calcareous sand” (Scerri, 2003). The 
sand is mostly derived, by long-shore drift, from blocks of Għajn Melel from the 
upper plateau which lie along the rocky coast below the Nadur promontory. The 
dunes, which extend to cover most of the Eastern parts of the valley floor, progress 
inland by about 400 m. The sediment supply for both the beach and the dunes is stated 
to be derived from terrigenous run-off from the valley (Micallef et al., 1994 in Cassar 
and Stevens, 2002), Wied il-Pergla (Cassar, 2010) as well as marine erosion of the 
above mentioned blocks (Scerri, 2003) However, Scerri (2003) states that contrary to 
published material “the only significant source” is derived from the marine derived 
sediment. The rocky coast, on either sides of the sandy beach, is characterised by 
outcrops of Globigerina Limestone below the Blue Clay slopes and boulders derived 
from the Coralline plateaux (Scerri, 2003). Both the Globigerina and the Coralline 
features act as buffers to wave erosion for the Blue Clay slopes.  
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5.6 Hydrology  
Ramla valley is one of Gozo’s major drainage systems having a 3 km long 
watercourse. It is a dry, 1st order stream-cut valley formed by the recession of the 
edges of Coralline plateaux (Scerri, 2003). The valley’s catchment area is 5.8 km2 
having a terrigenous sediment source (Cassar, 1996 in Vella, 2003) at Ta’ Bordin 
situated to the North of Għajnsielem. Figure 5.8 depicts the average annual water 
budget of the whole valley. The diagram indicates that from the precipitation of 3.3 x 
106 m3, only 0.8 x106 are available within the system whilst the remaining amount is 
lost through evapotranspiration.  Half the available amount contributes to ground 
water recharge and the rest goes to surface run-off. Such a state of affairs indicates the 
importance of collecting as much of the surface run-off as possible in order to ensure 
the conservation of fresh water resources. 
 
Figure 5.8: Systematic diagram of the hydrology of Ramla Valley (source: Scerri, 
2003) 
 
The fresh water course passes through agricultural land within the valley and empties 
into the sea (Ragonesi et al, 2000). However, the natural flow of water along the main 
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watercourse is interrupted by a number of arch dams along Triq ir-Ramla which form 
reservoirs and utilised by the farmers for irrigation purposes (Scerri, 2003). These 
dams also obstruct the sediment flow along its way to the mouth (Borg Axisa, 2002). 
During the rainy season, the watercourse forms a stream which supports fresh water 
fauna and flora in the coastal environment (Ragonesi et al, 2000). Wied ta’ Xħajma 
supports a fresh water community (Borg Axisa, 2002). Ramla and Pergla Valleys are 
not prone to flooding. During the winter months, saline and fresh water marshlands 
form within the bay. Figure 5.9 depicts the catchment and drainage system of Ramla 
Valley. 
 
Figure 5.9: Catchment and drainage system of Ramla Valley (source: Scerri, 2003) 
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In her study, Borg Axisa identified the location of artificial water holes in the valley 
system (refer to Figure 4.12). These water holes are privately owned and thus are not 
monitored by WSC (interview with MRA representative, 2013). Other waterholes 
excavated in clay terrain were also identified in Ta’ Nuffara but these are outside the 
boundaries of this study.  
 
5.6.1 Hydrogeology 
The groundwater within the valley is composed of two systems: the perched aquifer 
beneath the upper Coralline Limestone and above the Blue Clay beneath the Xagħra 
and Nadur plateaux, and the mean sea level aquifer (interview with MRA 
representative, 2013).  The latter is more extensive when compared with the former 
(refer to Figure 5.10).  The perched aquifer is the result of water infiltrating 
downwards in the permeable UCL plateaux until it meets the impermeable Blue Clay 
layer.  The water is directed from the blue clay layer into depressions between both 
rock layers. When these become saturated, water spills and flows over the sides 
beneath the edge of the plateaux and over the clay slopes, creating springs. The clay 
surface beneath Xagħra dips in an Easterly direction, thus groundwater flows towards 
the Ramla Valley.  Similarly in Nadur, the clay surface dips in the same (Easterly) 
direction; although a change in the slope is registered in the area known as Qortin tan-
Nadur, where once more, groundwater flow is directed towards the Ramla Valley 
(email communication with MRA representative, 2013). Figure 5.11 shows the main 
land-use features in the catchment area of Gozo mean sea level ground water body. If 
one has to focus on the AOS, the diagram shows that about half the valley is 
composed of agricultural land which uses water derived from the mean sea level 
aquifer. 
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Figure 5.10:   Indicated aquifers in the AOS (source: adapted from MEPA, 2004) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.11:   Main land-use features in the catchment area of Gozo mean sea level 
ground water body showing the AOS (source: MRA, 2005) 
Not to scale 
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When the water falls on the Globigerina Limestone areas within the valley, the water 
is able to infiltrate downwards without finding any geological impediments to its 
movement. The water, however, will be stopped by the layer of seawater that 
permeates the Maltese Islands as a result of the different densities of the fresh and 
saline water.  
 
 
 
Figure 5.12:  Location of artificial water holes within the valley system (adapted 
from Borg Axisa, 2002) 
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Water is extracted from this aquifer within the valley by a number of shallow private 
wells located in the lower valley floor near the bay-head area of the sand dunes and a 
few waterholes situated further inland (Scerri, 2003). Scerri (2003) concludes that 
over-pumping from such wells contributes to the intrusion of sea water into the 
aquifer. Figure 5.12 depicts the location of artificial water holes within the valley 
system. 
 
5.7 Pedology 
The soil of the area is also a significant factor. Soils influence the hydrology of the 
valley by determining the retention or run-off, as well as the rate of evapotranspiration 
(Scerri 2003). Referring to Lang’s (1960) classification, the soils of the area fall under 
the Ramla series and are classified as Carbonate Raw Soils, while some of the upland 
areas, namely Xagħra, contain red soils (Terra Rossa). The soils of the Ramla series, 
as all the other soils of the Maltese islands, are considered young or immature, with 
the parent material lying underneath or in the vicinity of the soil. A deep, light brown, 
loose sand occurs within the bay area, on the coastal and inland dunes.   
 
Together with the above described characteristics, the sand is characterised by a low 
humus level, and an (A)C profile which is calcareous in nature. The soil which 
occupies the coastal end of the valley is under irrigation and heavy cultivation for 
traditional crops. Ramla soil lacks organic matter, with values ranging from 0.5 to 
1.3% in less well drained sites (Scerri, 2003). It warms up quickly but will not 
become too hot as a result of its light colour.  The soil has a low water holding 
capacity, but has a low moisture loss from capillary action due to the loose packing of 
the sand grains. It does well under irrigation and is very calcarious (84% CaCo3 at the 
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surface and 88% subsoil), while pH varies from 7.8 – 8.7 at the surface and is as high 
as 9.0 in the subsoil. Phosphorus is also low, with the amounts being derived from the 
organic matter of the soil, while potassium is insufficient for plant growth. 
 
5.8 Land-use 
Gozo makes up 22.8% of the utilised agricultural land in Malta and Gozo (NSO, 2012 
a) (Refer to Table 6.6 in Appendix 6). In her study of the Ramla Valley site, Borg 
Axisa (2002) established that the total approximate area of the Ramla valley and bay 
was 3.46 km2. The area of land which was not in use approximated 0.52 km2 (15% of 
total agricultural area) while that of agricultural land in use was 2.50 km2 (72% of 
total agricultural area). The latter included vineyards, orchards and dry farming areas. 
The remaining 13% were attributed to “degraded areas, areas with alien series namely 
Eucalyptus stands, secondary roads and country lanes” (Borg Axisa, 2002). The small 
abandoned fields were concentrated on the upper reaches of the valley. According, to 
Borg Axisa (2002), the larger fields which were in use were located in low lying areas 
possibly due to accessibility and high moisture content of the soil. Constructed water 
catchment, water extraction and removal of silted sediment by heavy plant machinery 
are amongst the external factors which contribute to disturbance in the area (Borg 
Axisa, 2003). Borg Axisa (2003) observed hunters’ and trappers’ hides throughout the 
valley, although hunters preferred the Nuffara area. Leisure and recreational areas is 
located mainly on the beach. 
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5.8.1 Agricultural produce 
60% of the total agricultural land used for permanent crops in Gozo and Comino is in 
Nadur and Xagħra. Out of the total agricultural land in Gozo, 88% is used for citrus 
plantation, 51% for fruit and berries and 40% for grapes in the Nadur and Xagħra area 
(Refer to Table 6.17 in Appendix 6) (NSO, 2012 a). In her study, Borg Axisa (2002) 
noted that although vines and fruit trees were noticed throughout the valley, the vines 
were mainly found in the l-Ixprun area and further inland. Citrus fruit were common 
in ta’ Venuta area whilst other fruit trees were observed in il-Mejda and Taħt ix-
Xagħra areas (Borg Axisa, 2002). Water-melons, tomatoes and related products were 
common during the summer periods especially in areas near the water reservoirs. 
Most olive trees were found at the base of escarpment beneath Ta’ Gajdoru5. The 
main crops and fruit grown in the valley are determined by the water availability and 
quality. Potatoes and fresh vegetables such as tomatoes require more water than vines, 
grapes and olives. During one of the site visits it was observed that fields planted with 
tomatoes used an irrigation system. Fruit trees require less water than vines (refer to 
Figure 5.13). In an interview with hydrologist, Water Policy Unit, Ministry for Energy 
and Conservation of Water, the latter mentioned that vines do not tolerate water of 
high salinity. On the other hand, Olive is more tolerant to salt than citrus 
(Chartzulakis, 2009) 
                                                            
5 Stretching from Ta’ Għajn Qamar to Ta’ Lagan 
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Figure 5.13: Bar chart depicting the water consumption of crops and fruit trees  
(source: NSO, 2012 b) 
 
5.8.2 Agricultural issues 
Data on agricultural produce, water sources and water consumption for irrigation 
purposes and agricultural land-use is only available at locality and regional level. The 
Census of Agriculture of 2010 (NSO, 2012 a) indicated that out of a total of 3,062,824 
m3 of water used for the Region of Gozo and Comino, Xagħra consumed 617,895 m3; 
while Nadur consumed 443,914 m3.  This means that the in 2010 the villages of 
Xagħra and Nadur alone consumed 35% of the water used by the region of Gozo. 
Table 5.1 gives details of the number of water sources in the Maltese islands 
unfortunately details by locality is not available from NSO statistics. 
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District 
Number of Water Sources 
On-farm 
ground water 
sources  
On-farm surface 
water sources  
Off-farm water 
sources from water 
supply networks  
Other sources 
(treated water)  
Malta 3,407 5,644 1,835 250 
Gozo & Comino 478 837 222 - 
 
Table 5.1: Number of sources of water used for agricultural services (source: 
adapted from NSO, 2012 a) 
 
5.9 Vegetation 
The vegetation survey carried out by Borg Axisa in 2002 revealed that although the 
area is predominantly agricultural, the landscape is also characterised by floral 
communities, alien vegetation assemblages and indigenous dune species. The Great 
Reed (Arundo donax) colonises fallow agricultural land. Scattered stands of Prickly 
pear (Opuntia ficus-indica), occur throughout the base of the scree and slopes. Prickly 
pear stands, almond, fig and carob trees were also noted throughout the valley (refer 
to Table 8.1a & b in Appendix 8 and Table 15.1 Appendix 15).  Fig (Ficus carica) 
and almond trees (Prunus dulcis) are common in valleys. Prickly pear (Opuntia ficus-
indica) easily colonises abandoned fields (Weber and Kendzior, 2006). The incidence 
of Prickly pear throughout the valley could therefore be associated with land 
abandonment although the tree is also used to demarcate fields and also as wind 
breakers since it acts like a “living fence plant” (Weber and Kendzior, 2006). During 
a site visit, Giant Fennel (Ferula communis) was widely noted. This plant is normally 
found in disturbed garrigue, field margins, dry hills and waste land (Weber and 
Kendzior, 2006). It is also indicative of land abandonment. The alien species 
203 
   
Eucalyptus (Eucalyptus sp.) found throughout the slopes of Xagħra and Nadur is used 
for bird shooting purposes, afforestation and landscaping. Appendix 8 provides 
summarised information of the predominant vegetation in the areas of study from the 
studies carried out by Borg Axisa (2002) and Vella (2003). 
 
5.10 Ramla Bay (Ramla l-Ħamra)  
Ramla Bay, which provides a 400m sandy beach (Scerri, 2003), is a unique area 
possessing ecological, archaeological and scientific importance and which is 
frequented by thousands of visitors, especially during the summer period. It covers an 
area of 0.03 km 2 (Cassar, 1996 in Vella, 2003). The beach at Ramla is very dynamic 
(Micallef et al., 1994 in Cassar and Stevens, 2002). “In January 1995 the Planning 
Authority [today MEPA] schedules the area and specifically nine (9) archaeological 
monuments, legally protecting them against development or misuse” (de Trafford, 
2001). Appendix 7 gives a brief description of the historical sites and monuments 
found within the bay. Six of these monuments date back to the time of the Knights of 
St. John. In a paper presented in June 1997 entitled ‘Conservation, Restoration and 
Interpretation of the Cultural Heritage Resource at ir-Ramla l-Ħamra’, Joseph Magro 
Conti highlighted the threats to these monuments from environmental and human 
factors and the need for “an effective framework for a coastal management scheme… 
to conserve this heritage resource” (Magro Conti, 1997 in de Trafford, 2001). The 
retrenchment which was built across the beach might have interfered with the water 
run-off system of the valley into the sea thereby having an impact on the ecological 
processes (de Trafford, 2001). The underwater obstacle acts like a man-made reef 
attracting a variety of marine life otherwise absent in a flat sea-bed. 
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The bay forms part of the Special Areas of Conservation (SAC) under the Natura 
2000 network. The aim of the EUwide network is to assure the long-term survival of 
Europe's most valuable and threatened species and habitats by protecting nature 
protection areas established under the 1992 Habitats Directive. Natura 2000 does not 
restrict human activities within the SAC even though areas include nature reserves. In 
fact, most of the land is likely to continue to be privately owned.   
 
The Ramla Bay site is divided into government leased land and private land 
(Ragonesi et al, 2000). The management of this Natura 2000 site has been entrusted to 
The Gaia Foundation, the Project Manager of Ramla Bay, whose goal is to “integrate 
environmental awareness and protection with the consideration for public use and 
application… It therefore aims to promote and implement means and ways through 
which human beings can meaningfully interact with their environment” (Ragonesi et 
al, 2000). Project Gaia is the work on the integrated management of specially 
protected areas in the Maltese islands of two sites between 2000 and 2003, namely 
Għajn Tuffieħa and Ramla, Gozo, such contracts have since been renewed. Project 
Gaia (Ramla, Gozo) is composed of six unique arms, each bearing different names & 
Table 5.2. 
 
The ecological survey of the Ramla Bay site, commissioned by the Environmental 
Management Unit (EMU) of the Planning Authority, following the issue of an 
Emergency Conservation Order for the site in 1994, identified five important biotic 
communities. The sand dune system, the freshwater wetland community and the 
Onorix natrix garrigue all contain species that are restricted, rare or endangered on the 
Maltese Islands qualifying the area as an Area of Ecological Importance (AEI). 
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Moreover there are six endangered species, four vulnerable species and three 
restricted species at Ramla Bay, making the area a site of Scientific Importance (SSI) 
(Refer to Table 5.3).  
 
Gaia Project at Ramla Objectives 
Project Elysium Biodiversity and ecological restoration of habitats 
Project Olympus Coastal conservation, enforcement and monitoring
Project Poseidon Marine conservation and safety 
Project Phoenix Waste management 
Project Hermes Dissemination of information 
Project Galatea Cultural heritage 
 
Table 5.2:  Projects forming part of the Gaia Project in Ramla, Gozo  
(source: Gaia Foundation, 2006 b) 
 
Area Policy  Designated 
Status 
Sand dunes RCO 10.3 AEI 
Fresh water coastal wetland RCO 10.9 AEI 
Local endemic collembola RCO 11.3 
RCO 11.1 
SSI 
Species with restricted distribution in Maltese Islands  RCO 11.2 SSI 
Water course at beach junction RCO 11.8 SSI 
Blue Clay slopes  RCO 11.7 SSI 
Best represented sp. at Ramla Bay in the Maltese Islands RCO 11.8 SSI 
 
Table 5.3: Designated status of sites in Ramla Bay as interpreted by 1994 EMU 
survey (source: adapted from EMU, 1994 in Ragonesi et al., 2000) 
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Landscape Protection Level 
Sand dune system 1 
Leased land in sand dune system 2 
Freshwater coastal wetland community 2 
Blue Clay slopes6 2 
Ononis natrix garrigue 2 
Chrithmo-Limoneitum Association 2 
Sandy area by sand dune7 2 
Sandy beaches 3 
Agricultural land surrounding site boundaries8 3 
 
Table 5.4: Protection levels of landscape in Ramla Bay as interpreted by 1994 
EMU survey (source: adapted from EMU, 1994 in Ragonesi et al., 2000) 
 
Table 5.4 refers to the protection levels of the landscape within Ramla Bay, based on 
the 1994 EMU ecological survey of Ramla Bay. 
 
5.10.1 The sand dunes 
In the past the Maltese islands had over sixteen sand dune systems. Today, only three 
are left with the sand dunes found at Ramla Bay being the only one left in Gozo. It is 
the largest dune system and “has suffered the least alteration by man” (MEPA, 2010). 
The dune system is characterised by the (1) embryo dune9 followed by the (2) mobile 
dune10. The latter is made up of three sub-zones: a low dune; a semi-consolidated 
dune, and a fixed dune. Each of these elements is characterised by different dune 
species. 
                                                            
6 Disturbed ground 
7 Buffer zone 
8 Buffer zone 
9 The most seaward zone of the dune where perennial plants are first encountered 
10 Characterised by subzones: low dune, semi consolidated dune and fixed dune 
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According to Cassar and Stevens (2002), these dunes can be classified based on the 
relationships and geographical system. Thus they are: (1) Elytrigia dunes (fore-dunes) 
ecologically, (2) dunes of Quaternary blown sand geologically and (3) Ramla l-Ħamra 
dunes geographically (Cassar and Stevens, 2002). “The sand dune system is 
characterised by the presence of sand-binding grasses and is home to many rare and 
endemic species” (Ragonesi et al, 2000). The sand dunes (Plate 5.6) are hence of 
great ecological importance qualifying Ramla Bay as an Area of Ecological 
Importance (AEI) (Ragonesi et al, 2000). Table 5.5 represents the predominant 
vegetation in the Bay and its dunes. 
 
 
 
Plate 5.6: Sand dunes on the Eastern side of the Bay (source: author, 2013) 
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Area 
 
Predominant/Observed Vegetation 
Ramla Dunes Tamarisk (Tamarix africana), Sand Couch 
(Elymus farctus), Dropwort Grass (Sporobolus 
arenarius) 
Ramla Coastline Sea Samphire (Crithmum maritimum), Golden 
Samphire (Inula crithmoides), Maltese Sea 
Lavender (Limonium melitensis) 
 
Table 5.5: Predominating vegetation in Ramla Bay (source: adapted from Borg 
Axisa, 2002) 
 
 
The next chapter will address the Resilience Assessment, results including the on-site 
observations, consideration of the information derived from the interviews and 
comparative studies of aerial photographs and maps of the area, making reference to 
relevant policy documents and management implemented.  
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Appendix 6  Statistical data 
6.1       Population statistics of Xagħra and Nadur 
 
 1695 1702 1705 1716 1726 1728 1781 1784 1797 
Xagħra 409 652 698 670 770 1341 1340 1547 
Nadur  410 470 - 643 759 843 1927 2033 2100 
Total 819 1,122 698 1,313 1,529 843 3,268 3,373 3,647 
 
Table 6.1: Population of Xagħra, Nadur and area11: 1695-1797  
(source: adapted from AAM, Status Animarum, researched by Stanley Fiorini in 
Bezzina, J., 1995) 
 
 
Table 6.2: Population of Xagħra, Nadur and area1: 1695-1797  
(source: adapted from Census of Malta & Gozo in Bezzina, 1995 & Bezzina, 2007) 
 
 
 
 
 
                                                            
11 Area includes Xagħra and  Nadur 
12 including Għajnsielem/Comino up to 1842 and Qala up to 1881 
1807 1842 1861 1881 1901 1921 
Xagħra 1,469 1,720 2,010 2,288 2,562 3,262 
 
Nadur 12 1,800 3,295 3,046 3,548 2,948 3,460 
Total 3,269 5,015 5,056 5,836 5,510 6,722 
Gozo & Comino   - 14,342 15,459 17,653 20,003 22,695 
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1931 1948 1957 1967 1985 1995 2005 2011 
 
Xagħra 3,522 4,759 4,056 3,517 3,202 3,669 3,934 3,968 
 
Nadur  3,354 3,465 4,136 3,694 3,482 3,882 4,192 3,961 
 
Total 6,876 8,224 8,192 7,211 6,684 7,551 8,126 7,929 
 
Gozo & Comino 23,837 27,680 27,601 25,978 25,682 29,026 31,007 31,143 
 
Table 6.3: Population of Xagħra, Nadur and area1: 1931-2011  
(source: adapted from NSO 2012 c) 
 
            
Figure 6.1: Graph showing total population of Xagħra, Nadur, Xagħra & Nadur 
area and total population of Gozo & Comino: 1842-1921 
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Figure 6.2: Graph showing total population of Xagħra, Nadur, Xagħra & Nadur 
area and total population of Gozo & Comino: 1931-2011 
 
 
 
1842 1861 1881 1901 1921 
Xagħra & Nadur Total  5,015 5,056 5,836 5,510 6,722 
Gozo & Comino 14,342 15,459 17,653 20,003 22,695 
% Area Population 35 33 33 28 30 
 
Table 6.4: Total population of area 1, Gozo & Comino and % population of area 
in relation to the total population of Gozo & Comino: 1842-1921  
(source: adapted from AAM, Status Animarum, researched by Stanley Fiorini in 
Bezzina, 1995 & Bezzina, 2007) 
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1931 1948 1957 1967 1985 1995 2005 2011 
 
Xagħra & Nadur Total  6,876 8,224 8,192 7,211 6,684 7,551 8,126 7,929 
 
Gozo & Comino 23,837 27,680 27,601 25,978 25,682 29,026 31,007 31,143
 
% Area Population 29 30 30 28 26 26 26 25 
 
Table 6.5: Total population of area 1, Gozo & Comino and % population of area 
in relation to the total population of Gozo & Comino: 1931-2011 
(source: NSO 2012 c) 
 
 
6.2         Data related to agriculture in Gozo and Nadur and Xagħra area 
 
 
 
 
 
 
 
 
 
Table 6.6: Utilised agricultural land in Malta and Gozo  
(source: adapted from NSO, 2012 a) 
 
 
Utilised Agricultural Land 
District Total Holdings Total Area (Ha) 
Malta 9,737 8,829.90 
Gozo 2,792 2,612.90 
Total  12,529 11,442.80 
Gozo 22.3% 22.8% 
216 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6.7: Area of utilised and unutilised land declared by farmers  
(source: adapted from NSO, 2012 a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6.8: Vineyard holdings and area in hectares for Malta and Gozo  
(source: adapted from NSO, 2012 a) 
 
District/locality 
Total 
( Ha) 
Utilised 
Agricultural 
Area (Ha) 
Unutilised 
Agricultural 
Area (Ha) 
Other 
Area (Ha) 
Gozo and Comino 2,828.9 2,612.9 91.1 124.9 
Nadur 338.3 298.4 26.8 13.2 
Xagħra 372.5 348.5 9.7 14.3 
Total Nadur & 
Xagħra 710.8 646.9 36.5 27.5 
% Nadur & Xagħra 25.1% 24.8% 40% 33.5% 
Vineyards 
District Total 
Holdings 
Total 
Area 
(Ha) 
Grapes for 
Quality 
Wine (Ha) 
Grapes for 
Wine (Ha) 
Table 
Grapes 
Malta 1,096.0 540.0 371.8 94.4 73.8 
Gozo 162.0 74.0 62.7 8.6 2.7 
Total 1,258.0 614.0 434.5 103.0 76.5 
      
Gozo 13% 12% 14.4% 8.4% 3.5% 
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Olive Groves 
District 
Total 
Holdings 
Total 
Area 
(Ha) 
Olives for 
Oil (Ha) 
Table Olives (Ha) 
Malta 629.0 114.5 56.4 58.1 
Gozo 174.0 25.8 16.2 9.6 
Total 803.0 140.3 72.6 67.7 
 
Gozo 21.7% 18.40% 22.30% 14.20% 
 
Table 6.9: Olive groves holdings and area in hectares for Malta and Gozo 
 (source: adapted from NSO, 2012 a) 
 
 
Citrus Plantations 
District 
Total 
Holdings 
Total 
Area 
(Ha) 
Oranges 
(Ha) 
Lemons 
(Ha) 
Other Citrus 
(Ha) 
Malta 563.0 52.7 33.7 12.2 6.8 
Gozo 322.0 58.6 41.7 14.6 2.2 
Total 885.0 111.3 75.4 26.8 9.0 
Gozo 36.40% 52.70% 55.30% 54.50% 24.40% 
 
Table 6.10: Citrus plantations holdings and area in hectares for Malta and Gozo 
(source: adapted from NSO, 2012 c) 
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Fruit & Berry Plantations 
District Total 
Holdings 
Total Area 
(Ha) 
Peaches (Ha) 
Other 
Fruit (Ha) 
Malta 1,248.0 332.8 211.3 121.5 
Gozo 323.0 38.7 15.8 23.0 
Total 1571.0 371.5 227.1 144.5 
Gozo 20.60% 10.42% 7.00% 15.90% 
 
Table 6.11: Fruit and berry plantations holdings and area in hectares for Malta and 
Gozo (source: adapted from NSO, 2012 c) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6.12: Vegetable plantations holdings and area in hectares for Malta and 
Gozo (source: adapted fromNSO, 2012 c) 
 
 
 
 
Vegetable Plantations 
District Total Holdings Total Area (Ha) 
Malta 1,859.0 1,419.9 
Gozo 510.0 310.6 
Total 2,369.0 1730.5 
Gozo 21.50% 18.00% 
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Table 6.13: Forage plantations holdings and area in hectares for Malta and Gozo 
(source: adapted from NSO, 2012 c) 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6.14: Potato plantations holdings and area in hectares for Malta and Gozo 
(source: adapted from NSO, 2012 c) 
 
 
 
Forage Plantations 
District Total Holdings Total Area (Ha) 
Malta 4,928.0 3,881.5 
Gozo 1,750.0 1,671.1 
Total  6,678.0 5,552.6 
Gozo 26.20% 30.10% 
Potato  Plantations 
District Total 
Holdings 
Total Area (Ha) 
Malta 1,630.0 649.7 
Gozo 285.0 51.3 
Total 1,915.0 701.0 
Gozo 14.9% 7.30% 
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Table 6.15: Area declared by farmers (source: adapted from NSO, 2012 c) 
 
 
 
 
 
 
 
 
 
 
Table 6.16: Area declared by farmers (source: adapted from NSO, 2012 c) 
 
 
District/locality 
Total 
(Ha) 
Utilised 
Agricultural 
Area (Ha) 
Unutilised 
Agricultural 
Area (Ha) 
Other 
Area 
(Ha) 
Gozo and Comino 2,828.90 2,612.90 91.1 124.90 
Nadur 338.3 298.4 26.8 13.2 
Xagħra 372.5 348.5 9.7 14.3 
Total Nadur & Xagħra 710.8 646.9 36.5 27.5 
% Nadur & Xagħra 25.1% 24.8% 40% 33.5% 
District/locality Total 
Arable 
Land 
Permanent 
Crops 
Kitchen 
Gardens 
Gozo and Comino 2,612.9 2,178.9 197.8 236.3 
Nadur 298.4 199.6 65.2 33.7 
Xagħra 348.5 270.1 45.3 33.1 
Total Nadur & 
Xagħra 646.9 469.7 110.5 66.8 
% Nadur & Xagħra 24.8% 21.6% 55.9% 28.3% 
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District/locality 
Total 
(Ha) 
Fruit & 
Berry 
Plantations 
(Ha) 
Citrus 
Plantations 
(Ha) 
Olive 
Groves 
(Ha) 
Vineyards 
(Ha) 
Nurseries 
(Ha) 
Gozo and Comino 197.8 38.7 58.6 25.8 74 0.5 
Nadur 65.2 11.8 43.4 4.4 5.5 0.0 
Xagħra 45.3 7.9 8.2 4.9 24.2 0.1 
Total Nadur & 
Xagħra 110.5 19.7 51.6 9.3 29.7 0.1 
% Nadur & Xagħra 55.9% 50.9% 88.1% 36.0% 40.1% 20.0% 
 
Table 6.17: Area of agricultural lands for permanent crops 
 (source: adapted from NSO, 2012 c) 
 
District/locality Total Potatoes Vegetables Vineyards Olive 
Groves 
Other 
Trees 
Flowers
Gozo and Comino 236.3 54.3 137.3 12.2 8.4 24 0.0 
Nadur 33.7 8.7 20.0 1.3 0.6 3.0 0.0 
Xagħra 33.1 9.2 16.3 1.9 1.5 4.1 0.0 
Total Nadur & 
Xagħra 66.8 17.9 36.3 3.2 2.1 7.1 0.0 
%Nadur & Xagħra 28.3% 33.0% 26.4% 26.2% 25.0% 29.6% 0.0% 
 
Table 6.18:  Area of agricultural land for kitchen garden crops  
(source: adapted from NSO, 2012 c) 
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Table 6.19: Area of arable land (source: adapted from NSO, 2012 c) 
 
 
Table 6.20: Consumption of water by various crops and fruit trees (source: adapted 
from NSO, 2012 b) 
District/locality Total 
(Ha) 
Potatoes 
(Ha) 
Flowers 
& Seeds 
(Ha) 
Forage 
(Ha) 
Fallow 
land (Ha) 
Vegetables 
Gozo and Comino 2,178.9 51.3 11.4 1,671.1 134.4 310.6 
Nadur 199.6 10.5 0.0 145.5 13.4 30.1 
Xagħra 270.1 11.5 0.6 159.4 47.1 51.6 
Total Nadur & 
Xagħra 469.7 22.0 0.6 304.9 60.5 81.7 
% Nadur & Xagħra 21.6% 42.9% 5.3% 18.2% 45.0% 26.30% 
Type of Crop or 
Trees 
Consumption of Water 
2008-2009 
(m3/hectare) 
2009-2010 
(m3/hectare) 
2008-2010 
(m3/hectare) 
Potatoes 11,157 12,402 11,779 
Fresh Vegetables 7,934 9,964 8,949 
Vines 477 701 589 
Olives 1,127 602 864 
Citrus 319 530 425 
Other fruit trees 33 715 374 
Kitchen garden 10,778 7,928 9,353 
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Figure 6.3: Bar chart depicting consumption of water by various crops and fruit 
trees (source: adapted from NSO, 2012 b) 
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Appendix 7 Fortifications and sites of historical value in Ramla 
Bay 
 
7.1 Introduction 
According to tradition, after the Vandals had expelled all Christians from Africa, St. 
Rossinianus built his hermitage in this place in 439 A.D. The author of ‘Ir-Review’ 
dated 2 March 1960, mentions Sincello who in his work had stated that St. 
Rossinianus “went to live in a small island near Sicily and is living happily the life of 
a prior. Historians are of the opinion that this small island was Gozo.” Legend has it 
that the prior built a church dedicated to “Sancta Maria Gaudiorum and the fields 
were the church stood was known as ‘ta’ Gajdoru’” (Ir-Review, 2 March 1960).  It is 
stated that the Augustinian fathers had a priory at Ramla and that they left it in1260 to 
go to Rabat (Gauci, 1966). The statue of Our Lady which dates back to 1881 and 
stands in the middle of the bay is said to be erected to show that the Ramla had a 
hermitage and a church (Gauci, 1966). 
 
7.2 Monuments of the Knights of St. John 
Seeing that the site was often chosen as a landing bay by invading pirates and Turks, 
the Knights of St. John constructed coastal defences in this bay. The coastal defence 
system adopted by the Knights during the eighteenth century relied on three concepts: 
the battery, redoubts and entrenchment (de Trafford, 2001). 
 “The coastal entrenchments in Gozo were the first defensive works to be built in the 
Maltese Islands and appear to predate the eighteenth century. According to Vertot, the 
Grandmaster l’Isle Adam ordered the building of entrenchments along the exposed 
bays of Gozo.” (Spiteri, 1994). 
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The military architects and commissioners of the fortifications D’Arginy, Fontete and 
Bachelius presented a report on these entrenchments on the January 10, 1714. In their 
report they stated that the entrenchments were in need of repair and reinforcement. 
The entrenchment had 6 existing 8-pounder cannons located in the middle and it was 
suggested that more cannons are added to the sides. These entrenchments were later 
rebuilt sometime after the 1715 since the early eighteenth century plans of the Ramla 
Bay defences show only nouveaux retrenchments. According to the French military 
architect Vendome the entrenchment walls were poorly built and low and could be 
easily ruined by the sea and wind in a few months. The entrenchment consisted of two 
stretches of walls along the width of bay. The West wall linked the Belancourt battery 
(also known as Xagħra battery or Ramla Left Battery) to the redoubt in the middle of 
the bay. The Eastern half was equipped with a pentagonal bastion (Ramla Redoubt 
also known as Vendome Redoubt or Ramla Middle Battery) and terminated in an 
open semi-circular battery. The entrenchment did not have a firing banquette and 
lacked a ditch probably because to was built on sand. The walls had two sally ports 
which enables the defenders to counter attack the enemy. The fortifications of Ramla 
Bay were augmented by the underwater wall and fougasse. These entrenchments are 
no longer standing (Spiteri, 1994).  
 
It is evident that the remains of the fortifications or batteries which were built in 
Ramla Bay indicate that these batteries were different. Remains of the Belancourt 
battery still lies on the Western side of the bay. This battery was built in 1715-1716 at 
a cost of 295.7.15 scudi (de Trafford, 2001) on the plans devised by the engineer 
Francois de Mondion; two guns belonging to this redoubt are now at the Citadel in 
Victoria, these were unearthed around 1960 (Ir-Review, 2 March 1960). On the 
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opposite side there were two batteries, one built during the reign of Gran Master 
Manoel de Vilhena in 1733. This redoubt had 5 cannons and was different than the 
other as to access it one had to climb stairs which led to a cave connected to the 
battery.  
 
In 1722 a fougasse was dug in Ramla Bay (Ir-Review, 2 March 1960). The fougasse, 
an invention of the Knight Francesco Marandon, was a large deep hole in the rocks at 
an angle of 45° with its opening overlooking the bay (Zammit, 1983). The hole would 
be wider at the opening and narrows down in the rock like a funnel which would be 
charged with a barrel of gun powder at the bottom. On top of the gunpowder was 
placed a wooden plank and the remaining space would be filled with rocks of various 
sizes and other hard material; all this was pressed together. With the enemy galleys in 
sight, the fougasse would be lighted and the material would be exploded to cause the 
stone rain down on the enemy galleys and armies. This would cause great confusion 
amongst the enemies and allow the defenders to attack the enemy. When during the 
World War 11 the British tried the fougasse one worked perfectly (Zammit, 1983). 
 
The Knights also built a wall about 100 meters away from the shores and a few meters 
below the water surface; this wall stretched from one side of the bay to the other and 
was constructed to stall or wreck enemy ships. Once stranded on the beach, the 
Turkish galleys would be bombarded by the guns and fougasse from the fortress. It is 
stated that this wall was built around 1720 (Zammit, 1983). The interacting of the 
different features shows the Knights’ ability to use the existing features of the 
landscape to protect the island by attacking the enemy rather than keeping an eye on 
them from the watch towers (de Trafford, 2001). 
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7.3 Roman remains 
In 1910, whilst some farmers were digging in the site, they unearthed some pieces of 
fine marble. Mr. Farrugia, a schoolmaster, overheard them recount their discovery and 
immediately got in touch with Sir Temi Zammit director of the National Museum of 
Archaeology, Valletta, who showed up on site the following morning. Excavations 
revealed the remains of a Roman villa complete with baths. Zammit’s report caught 
the attention of Thomas Ashby, renowned Romanist and Director at the British 
School of Archaeology in Rome, who dug at the Roman Villa site in 1915 (de 
Trafford, 2001). The villa, possibly a seaside resort (Bonanno, 2005) (refer to Figure 
7.1), is located on the left side of the bay. It was built from stone taken from the site; 
some of the stone pieces were triangular. According to Ashby, this fact could imply 
that the stone had some other purpose (Ir-Review, 16 March 1960). The villa 
contained 19 rooms, some of which were decorated with mosaic and marble. Six of 
the rooms were probably intended to serve as living quarters, others could have served 
as dressing rooms (Bonanno, 2005). Moreover, 13 of these rooms were baths (the hot 
baths) (Ir-Review, 16 March, 1960) and were fitted with a heating and drainage 
system (MTA, 2002). The common room, which was the one between the hot rooms 
and the cold baths by far the most beautiful of the villa, was richly decorated with its 
pavement composed of coloured marbles. The water was brought by means of an 
open canal from a spring in the hill behind Fortina and was heated by the hypocaust 
method (Ir-Review, 16 March 1960). The heating was supplied by a furnace 
transmitting hot air to four of the rooms. In this villa, the frigidarium was octagonal in 
shape (Bonanno, 2005). Two statues were also found one of a young Satyr and the 
other of a dressed lady (Gauci, 1966). The former statue represented a youth with a 
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wide open mouth, pointed ears and wearing an ivy garland on his head. The latter was 
thought to have been placed on top of a fountain.  
 
Figure 7.1 Graphic reconstruction of the seaside villa in Ramla Bay, Gozo 
(source: Bonanno, 2005) 
 
These statues and remnants of marble medallion known as ‘oscillum’ formed part of 
the most important artefacts found in the villa (Ir-Review, 16 March 1960). Artefacts 
found in the excavation are preserved at the National Museum in Valletta. Following 
excavations and documentation, the remains of this villa have once again been buried 
under sand for its protection. A Roman anchor was also found outside Ramla Bay, 
this finding may indicate that Ramla Bay might have been used as a place of 
anchorage and sea-faring (de Trafford, 2001). 
 
Some are of the opinion that the villa might not have been as close to the beach as it is 
today due to possible subsidence of the area and that the underwater sea wall built by 
the Knights, could have been built on a boundary wall to this villa (interview with 
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University academic, 2013). Table 7.1 presents the scheduled property status of the 
archaeological and historical monuments in Ramla Bay. 
 
Archaeological/Historical 
Monuments 
Site Scheduled Property Status 
Remains of Roman Villa Clay Slopes Class A 
Remains of Belancourt Battery Clay Slopes Grade 1 
Remains of Retrenchment Sandy Beach Grade 1 
Salient of Ramla Redoubt Sandy Beach Grade 1 
Nadur Battery Clay Slopes Grade 1 
Fougasse Boulder Shores Grade 1 
Underwater Obstacle ( Sea wall) Sea-bed Grade 1 
Remains of Pathway Clay Slopes Grade 1 
Statue of Our Lady Sandy Beach Grade 1 
 
Table 7.1: Sites of historical and archaeological importance in Ramla Bay, site 
and their property status as per Planning Authority Fact Book (1997) (source: adapted 
from Borg Axisa, 2003 and de Trafford, 2001) 
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Appendix 8  Vegetation of the area of study 
Area Predominant/Observed Vegetation 
Roadside near racecourse Prickly Pear (Opuntia ficus-indica), Almond (Prunus dulcis) 
Nuffara slopes Woodlots of Eucalyptus trees (Eucalyptus sp.) 
Nuffara plateau Stepping community consisting of Sea Squill (Uriginea 
pancration),Clustered Carline-thistle (Carlina involucrata), 
Branched Asphodel (Asphodelus aestivus), Giant Fennel 
(Ferula communis), Mediterranean Steep-grass (Stipa 
capensis) 
Western escarpment13 Maltese Salt-tree (Darniella melitensis) 
Scree zones and slopes14  Carob (Ceratonia siliqua), Almond (Prunus dulcis), Fig 
(Ficus carica), Prickly Pear (Opuntia ficus-indica),Great 
Reed (Arundo donax) 
Ix-Xagħra l-Ħamra/Ta’ 
Duru15 
Prickly Pear (Opuntia ficus-indica), Great Reed (Arundo 
donax), Almond (Prunus dulcis), Carob (Ceratonia siliqua), 
woodlots of Eucalyptus trees (Eucalyptus sp.) 
Immediate areas of Ix-
Xagħra l-Ħamra/Ta’ Duru16 
Prickly Pear (Opuntia ficus-indica), Great Reed (Arundo 
donax), Almond (Prunus dulcis), Carob (Ceratonia siliqua), 
Pomegranate (Punica granatum), Olive-leaved Germander 
(Teucrium fruticans), Giant Fennel (Ferula communia), 
Common Smilax (Smilax aspera) 
Western part of Valley17 Dominated by archaeophytes 
Base of escarpment beneath 
Ta’ Gajdoru18 
(Secondary maquis) Carob (Ceratonia siliqua),Olive (Olea 
europaea), Almond (Prunus dulcis), Fig (Ficus carica) 
Beneath scarp Ta’ Gajdoru  Great Reed (Arundo donax) 
 
 
Table 8.1a: Predominating vegetation in Ramla Valley (source: adapted from Borg 
Axisa, 2003) 
 
                                                            
13 Around Ta’ l-Għejjun  
14 Ta’ Għajn Ħosna 
15 Opposite the scree slope in middle of valley  
16 Base of scree 
17 Area at Tal-Waħx, iċ-Ċirku and Ta’ Fallis  
18 Stretching from Ta’ Għajn Qamar to Ta’ Lagan 
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Area Predominant/Observed Vegetation 
Ta’ Għajn Qamar Maltese Salt-tree (Darniella melitensis) 
 
Ta’ l-Ixprun  
(low vertical rock faces)  
Maltese Salt-tree (Darniella melitensis) 
 
Wied ir-Ramla proper 
 
Chaste Tree (Vitex agnus-castus), Great Reed  (Arundo 
donax), Fennel (Ferula communia), Cape sorrel (Oxalis 
pes-caprae), Sticky Fleabane (Dittrichia viscosa), 
Perennial Wall-Rocket (Diplotaxis tenufolia), Pine 
Spurge ( Euphorbia pinea) 
Hillside beneath Ta’ 
Venuta  
Great Reed  (Arundo donax), Almond (Prunus dulcis), 
Fig (Ficus carica), Prickly Pear (Opuntia ficus-indica), 
Carob (Ceratonia siliqua), 
Ir-Ramla ta’ Fuq Sea Squill (Uriginea pancartion), Branched Asphordel 
(Asphodelus aestivus),Caper (Capparis orientalis), 
Silvery Ragwort (Senecio Bicolor), Spiny Asparagus 
(Asparagus asphyllus), Sweet alyssum (Lobularia 
marittima), Golden Samphire (Inula crithmpoides) 
Irdum tal-Marin 
 
Tamarisk (Tamarix africana) 
 
Table 8.1b: Predominating vegetation in Ramla Valley (source: adapted from Borg 
Axisa,2003) 
 
Tables 8.1a, 8.1b and 8.2 list the vegetation in the 2003 survey of Borg Axisa. Figure 
8.1 depicts the various areas referred to in the tables. 
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Area Predominant/Observed Vegetation 
Għajn Watar 
 
Chaste Tree (Vitex agnus-castus), Great Reed 
(Arundo donax) 
Wied ta’ Fellis 
 
Chaste Tree (Vitex agnus-castus), Great Reed 
(Arundo donax) 
Wied ta’ Għajn Qasab 
 
Chaste Tree (Vitex agnus-castus), Great Reed  
(Arundo donax) 
Wied tal-Ħanaq Clustered Dock (Rumex conglomeratus) French 
Daffodil (Narcissus tazetta), Cape Sorrel (Oxalis 
pes-caprae) 
Wied tal-Għejjun (degraded water 
course) 
Cape Sorrel (Oxalis pes-caprae),Boar Thistle 
(Galactites tomentosa), Perennial Wall-Rocket 
(Diplotaxis tenuiflora), 
Wied tal-Furnar (valley bed) Clustered Dock (Rumex conglomeratus) 
Wied tal-Furnar (sides) Cape Sorrel (Oxalis pes-caprae), French Daffodil 
(Narcissus tazetta), Fennel (Foeniclum vulgare), 
Chaste Tree (Vitex agnus-castus), Great Reed 
(Arundo  donax) and Almond Tree (Prunus dulcis) 
Wied tal-Kwienen19 Eucalyptus trees (Eucalyptus sp.) 
Wied ta’ Xħajma (watercourse20) Clustered Dock (Rumex conglomeratus) 
Ta’ Qatta Kromp 21 Great Reed (Arundo donax) and Common Reed 
(Phragmites australis) 
Wied ta’ l-Altellier22  Cape Sorrel (Oxalis pes-caprae), French Daffodil 
(Narcissus tazetta) 
Wied ta’ l-Altellier (watercourse) Great Reed (Arundo donax), Chaste Tree (Vitex 
agnus-castus) 
 
Table 8.2: Predominating vegetation in Ramla Valley catchment and 
watercourses (source: adapted from Borg Axisa, 2003) 
                                                            
19 Near the racecourse 
20 With typical freshwater community 
21 Tributary of Wied ta’ Xħajma 
22 In part agricultural area 
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A. Ta’ Venuta Hillside  
B. Ir-Ramla ta’ Fuq  
C. Wied ta’ Għajn Qasab 
D. Wied Ħanaq 
E. Wied ta’ l-Altellier 
F. Ta’ Qatta Kromp 
G. Wied tal-Kwienen  
H. Wied ta’ Xħajma  
I. Wied tal-Għejjun  
J. Wied tal-Furnar  
K. Wied ta’ Fellis 
L. Ta’ l-Ixprun Promontory 
M. Għajn Watar  
N. Ta’ Għajn Qamar 
O. Irdum tal-Marin 
P. Ramla Bay 
Q. Il-Mejda 
R. Taħt ix-Xagħra 
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Figure 8.1: Location of areas identified in Table 8.1 a & b and 8.2 
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Appendix 9  MEPA Local Plan Maps 
Twelve MEPA Local Plan Maps used for the purposes of this study are presented in 
this Appendix and listed in Table 9.1.   
Map No Map 
Code 
Title 
1 3.1 Gozo General Policy Strategy 
2 8.3.1 Areas Prone to Flooding 
3 11.2 Agricultural Value 
4 11.7 Slopes Steeper than 1:6 
5 13.1-A Ecology, Geology & Hydrology 
6 13.1-B Areas of High Landscape Sensitivity 
7 13.2 Valleys 
8 13.4 Rehabilitation of Damaged Landscapes and Afforestation Areas 
9 13.8 Dark Sky Heritage 
10 14.7-A Policy Map Nadur 
11 14.7-D Safeguarded Area Urban Context Nadur 
12 14.7-E Safeguarded Areas Rural Context Nadur 
13 14.12-A Policy Map Xagħra 
14 14.12-D Safeguarded Area Urban Context Xagħra 
15 14.12-E Safeguarded Areas Rural Context Xagħra 
 
Table 9.1 MEPA Local Plan Maps 
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Appendix 10a                        Resilience Assessment Checklist - Ramla Valley, Gozo 
PARAMETERS REMARKS 
1.0 Boundaries, focal system & main issues 
1.1 Identify main issues in Ramla Valley.   
1.2 Identify system attributes (related to these issues) that are 
valued by the stakeholders.    
1.3 Consider to whom these attributes would be important.   
1.4 Is the main issue already being actively managed, how 
effective has this management been?    
2.0 Resilience (of what?) 
2.1 What are the main uses of natural resources in the focal 
system?   
2.2 Are there additional important indirect benefits (e.g. ecosystem 
services) that are derived from the focal system?   
2.3 Consider the key stakeholders in the focal system.   
2.4 What is the level of resource dependence in the focal system?   
2.5 Consider the property rights in the focal system (public, 
private, etc.).   
3.0 Resilience (to what?) 
3.1 What disturbances have historically affected the focal system? 
What disturbances presently represent a concern (including 
future disturbance) i.e. 'pulse' singular events & 'press' 
disturbances continually affecting system?   
3.2 Which disturbances are actually managed or suppressed? Are 
these efforts making the system more vulnerable? Should 
management strategies relating to disturbance abatement be 
reconsidered?   
3.3 Have any of the disturbances fundamentally altered the nature 
of the system? 
   
3.4 Which disturbance poses the greatest threat to the attributes of 
the system?   
3.5 If any changes in the disturbances have occurred (e.g. 
magnitude and frequency), what factors drove these changes?   
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Appendix 10 (continued)           Resilience Assessment Checklist - Ramla Valley, Gozo 
PARAMETERS REMARKS 
3.5 If any changes in the disturbances have occurred (e.g. 
magnitude and frequency), what factors drove these changes?   
4.0 Expanding the system 
4.1 Briefly describe the systems at scales above and below the 
focal system in terms of their social and ecological dimensions 
that interact with the focal system in the context of the main 
issues.   
4.2 Include significant events.   
4.3 With each change from one era to another, what were the 
driving forces that contributed to/or triggered major changes?   
4.4 What are the social and ecological dimensions of these trigger 
events?   
5.0 System dynamics 
5.1 Apply the adaptive cycle framework to the system.   
5.2 Select one or more key variables that can serve as indicators of 
how the focal system has changed over time.    
5.3 Which change-causing drivers or factors appear to play a major 
role in the functioning of your system?   
5.4 What types of natural and social capital should be monitored in 
your system to enable reorganisation and renewal?   
5.5 Considering trade-offs between efficiency and flexibility, does 
the focal system depend on producing a specific set of outputs 
under a specific set of conditions?   
5.6 Are there other adaptive cycles at play outside the focal system 
that might influence it?   
6.0 Multiple states 
6.1 Describe the alternative states of the focal system.   
6.2 Describe the historical states of the system.   
6.3 Describe the transition phase between alternative states in the 
system. What is the degree of reversibility between alternative 
stable stations based on the understanding of the transitions?   
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Appendix 10 (continued)           Resilience Assessment Checklist - Ramla Valley, Gozo 
PARAMETERS REMARKS 
6.4 Are there particular desirable or undesirable traits associated 
with each alternative state?   
6.5 Identify the 3-5 main factors which define the particular state 
in consideration. Use 'rule of hand'.   
6.6 How do these factors and inter-relationships change as the 
system state change?   
7.0 Thresholds & transitions 
7.1 How might the focal system in its current state experience 
transition into each of the identified alternate states? Is the 
transition smooth and gradual or abrupt and sudden?   
7.2 Characterise each threshold of potential concern by indicating 
the main factors driving the change, its degree of reversibility 
and the possible consequences of crossing the threshold.   
7.3 Estimate the approximate location of any of these thresholds.   
7.4 How do thresholds from social subsystems interact with 
thresholds from ecological sub-systems?   
7.5 Most thresholds are derived from ecosystems. Are there any 
related to social dimensions (economic, political, and cultural)? 
   
8.0 The Panarchy 
8.1 Referring to the larger scale system, what phase of the adaptive 
cycle does the larger scale system appear to be in?   
8.2 Describe briefly the main influences from the larger-scale 
systems on the focal system.   
8.3 Indicate the adaptive cycle phase(s) of the smaller scale sub-
systems.   
8.4 In which ways could the focal system be determined by larger 
scale systems? 
8.5 How can smaller scale sub-systems affect the focal state?   
8.6 Are both focal and smaller systems in a conservation phase? 
How might this situation increase the possibility of disturbance 
cascading across scales?   
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Appendix 10 (continued)           Resilience Assessment Checklist - Ramla Valley, Gozo 
PARAMETERS REMARKS 
9.0 Interacting thresholds & cascading change 
9.1 Identify thresholds of potential concern in light of the 
variables of section 7. Identify these according to the spatial 
scale (small-focal-large) and whether this is part of the social 
or ecological domain.   
9.2 Assign a level of certainty for the thresholds from 1-3 (1-
high, 3-low).   
9.3 What evidence is present for the thresholds of concern?   
10.0 General & specified resilience 
10.1 Consider the following that confer general resilience: 
diversity, open-ness, tightness of feedback system reserves 
and modularity, answer the following in light of the focal 
system:   
10.1.1 • What are the main issues?   
10.1.2 • Resilience of what?   
10.1.3 • Resilience to what?   
10.1.4 • Which part of the system lacks such; which could result 
in a loss of function?   
10.2 Which attributes pose the greatest threat to general resilience 
in the focal system?   
10.3 How do these relate to the specific resilience identified in 
section 3?   
11.0 Governance system: Adaptive governance & institution 
11.1 What key formal and informal institutions have a bearing on 
decision making in the focal system? Do they enhance or 
constrain flexibility to address issues as they arise?   
11.2 At what levels are the key decisions being made that affect 
the focal system and issues of concerns? Are these levels 
appropriate? 
11.3 Is rule compliance and enforcement affective? 
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Appendix 10 (continued)           Resilience Assessment Checklist - Ramla Valley, Gozo 
PARAMETERS REMARKS 
11.4 Are conflict resolution mechanisms in place to deal with 
power inequalities and differences in values, interests and 
perspectives? Is there a general willingness to engage in 
collaborative decision-making?   
11.5 Is decision making concentrated within a single group 
institution, or is a diversity of institutions accepted by 
stakeholders?   
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1.0
1.1
1.2
1.3
1.4
2.1
2.2
2.3
What are the main uses of natural resources
in the focal system?
The natural resources in the focal system include some of the attributes mentioned above. These include the soil, water, the beach, reeds, and topography. The main uses of the soil and water are agricultural related. Main
crops in the area include citrus, olive, vines, water melons, tomatoes and potatoes. Some of these crops are very resource intensive in terms of water consumption; while certain crops can be considered as part of the
natural resources of the system - such as olive or almond trees, since these can be considered as static features of the valley and therefore can be considered 'natural resources'. Another main resource is the beach which is
primarily used for recreational activities such as sunbathing, swimming, and other beach activities which are allowed as a result of prior obtained permits. The beaches' dunal system and community have a scientific use.
The topography of the area, is used through the harnessing of the flow of freshwater resources from spring lines or surface run-off. The Great Reeds found within the valley and propagating as a result of land
abandonment are also of use since farmers use them to create windbreakers for fields, while the reeds are also used for making traditional baskets and as window or door covers.
Are there additional important indirect
benefits (e.g. ecosystem services) that are
derived from the focal system?
Pollination as a result of the topography of the land. The embayments found alongside the valley force the prevailing wind along the valley and into the hinterland of the valley. The valley also funnels clean air into
the area as well as migratory birds inland. Such birds are of importance to hunters, but might also contribute to pollination and the spreading of seeds. Also, one can consider the possible carbon sequestration that is
provided by the Arundo donax . While the full extent in areas of Arundo is not known, it has been attributed as contributing to carbon sequestration through the production of above ground biomass. Also, Arundo
donax has the potential of being used as biofuel.** Another indirect service stems from the bioremediation capacity of Arundo with regard to removing nutrients, or treating saline wastewaters and pollutants (Istituto
di Biologia Agro-ambientale e Forestale & Williams et al. (2008). Other indirect services include the sense of  identity the place might instill, as well as the recreation and tourism opportunities .
Consider the key stakeholders in the focal
system.
The same individuals or groups mentioned in 1.3 can be considered as the key stakeholders in the system.
Appendix 10 b          Populated Resilience Assessment Checklist - Ramla Valley Gozo
Identify main issues in Ramla valley. Agricultural issues - soil erosion, land abandonment, proliferation of Arundo donax , excessive needs water for irrigation, damming which can impede water recharge and trap sediment. Threat of alien species - within
valley and dunal system. Recreation/leisure - disturbance, pressures of strong need for amenities. Hard landscaping - wide roads which lead to waste concentrate and water run-off. Slump of escarpment determining
direction of scree and soil loss. Land fill over Pergla - possible source of sediment or contamination. Eucalyptus - impact on water resources, also used for hunting i.e. bird-killing, landscape fabric change, impact on
local flora by inhibiting growth. Algal blooms in valley - as a result of pesticide and fertiliser use. Ridge line development - aesthetic impacts, impacts on spring line and aquifer/catchment area, shadowing. Pollinators -
possibly encroached habitats, impacting flora such as Thymbra capitata .
Is the main issue already being actively
managed, how effective has this management
been? 
Identify system attributes (related to these
issues) that are valued by the stakeholders. 
Water and soil, which are primarily affected by agricultural issues - but possibly also from compaction from vehicles or some form of pollution derived from exhaust. Related to water is run-off which is vital for
groundwater recharge and the collection of such run-off in reservoirs and the dams. Biodiversity, related to uses such as pollination, hunting, and aesthetics. Landscape which is primarily valued for aesthetic reasons.
Landform/geomorphology is important because it shapes the environment of the area through the embayments along the valley, determines the flow of water and distribution of ground water resources. Terraces used to
delineate field boundary, prevent soil erosion. Opuntia ficus-indica stands also used to delineate field boundaries, act as windbreakers, and prevent soil erosion (however can become invasive when land is abandoned).
Land used for agriculture (the fields) which are important for crop production but impacted by land abandonment and soil erosion, particularly as a result of weakened agricultural walls and surface run-off along the
valley. Beach which is used for recreation. The sand dunes and their communities which can be impacted by the alien species or recreation activities. The Eucalyptus  groves are another part of the system.
These attributes would be important to NGOs interested in the ecological and landscape components of the system and which might also be in charge of management within the system; Government Agencies in charge 
of managing aspects within the system - such as planning and enforcement; scientific community who would be interested in the biodiversity and geography of the landscape; the locals of the area who make use of the
area such as the farming community, bird-hunters, who make direct use of the attributes such as the biodiversity and the fields, or the Eucalyptus groves; as well as residents who live in the area and therefore make both
direct and indirect use of the attributes, such as the landscape and its aesthetics. Attributes would also be important to resource users such as tourists - both domestic and foreign, who would make use of the beach and the
valley itself for its aesthetic components.
Active management is being carried out within the beach area in order to ensure the protection of the vulnerable dune system from encroaching pressures from agriculture, beach users and other pressures. Effectiveness in
this case can be considered as an arbitrary term - it depends on whose view is considered. According to the NGO managing the site, the management can be considered as effective, on account of the protection to the
dune system that is perceived as allowing the system to survive, expand; while also allowing the flora to propagate, subsequent to the removal of invasive species and the spreading of dunal species' seeds. With regard to
management within the valley, there is: the repair of rubble walls and the cleaning of the canal and dam system. The latter is to ensure the maintenance of water storage systems thereby reducing the strain upon water
consumption on the aquifer systems. Further loss of soil, as a result of the water that flows through the catchment area, is prevented by rebuilding vulnerable walls along the canals.
REMARKS
Boundaries, focal system & main issues.
PARAMETERS
Resilience (of what?)
Consider to whom these attributes would be
important.
257
Appendix 10 b          Populated Resilience Assessment Checklist - Ramla Valley Gozo
REMARKSPARAMETERS
2.4
2.5
3.0
3.1
3.2
Press Disturbances include: (1) Agricultural disturbances which have defined the area through the changing of landscape. While the landscape has long been defined as agricultural - with man's intervention in such a
manner has characterised the whole of the islands since time immemorial. Agriculture can be seen as a disturbance to, not only the sand dunes through the encroachment of vines upon the sand dune community, but also
as a disturbance to natural communities (interview with Gaia representative, 2013) whereby agriculture prevents the successional communities of the islands from developing. This can be considered both a historical
and a contemporary disturbance. Agriculture can be considered as changing the system through sediment trapping behind walls (even though there is no data available on the potential sediment budget that exists within
the system i.e. the potential sediment from Ramla Valley - interview with University academic, 2013), the changing of the ecological composition, and the diversion of water flows. (2) Disturbance caused by the vehicles
accessing the area, both as a source of pollution and in the event of off-roading as a cause of soil compaction which can lead to other issues such as enhanced run-off and soil erosion. (3) The disturbance caused by
continual erosion and deposition of sand and pebbles in the beach system. The processes occurring on the beach are constant and dynamic (interviews with Environmentalist & University academic, 2013) and contribute
to the beach system being dynamic rather than a stable system. Pulse Disturbances include:- Disturbance to the system derived from: (3) rainfall particularly in the 'first rains of the year' in September or October, as
well as other heavy precipitation incidences, whereby the force of the rain is able to carry away large amounts of soil which are captured in the dams (interview with Eco Gozo representative, 2013). Run-off from the
watercourse can also reach the sea and forms a shallow gully which transects the beach and reaches the bay and carries sediment in the bay (Cassar and Stevens, 2002). Gullying also occurs on the fore-dunes. This
disturbance not only affects the valley/agricultural system, but can clog the canals which in turn prevent the adequate storage of water from the artificial catchment system. This in turn can place further strains upon the
aquifer system. While occurring every year, these can still be considered as singular pulse events because they are not that common. Throughout the year; (3) the encroachment by the Arundo donax stands. The
disturbances caused by the Arundo donax affects the sand dunes and their communities, and encroachment towards agricultural land. Rubble walls are also vulnerable (interview with Gaia representative, 2013); (4) the
trampling by beach goers and hikers which particularly affects the dunal system and even though this has been reduced , it might still be a threat to the dune (interview with Gaia representative & Environmentalist,
2013), and to a lesser degree to agricultural land; Other Disturbances include: (5) the development of infrastructure within the valley - namely the road and the wedding reception hall beneath Ulysses' Lodge (interview
with Gaia representative & Environmentalist, 2013) which impacted the run-off within the valley; (6) the development of settlements along the embayments of the area. The latter might have had an impact upon the
water catchment area, as well as serves as a source of point pollutants (such as oils from the roads).
What disturbances have historically affected
the focal system? What disturbances
presently represent a concern (including
future disturbance) i.e. 'pulse' singular events
& 'press' disturbances continually affecting
system.
Which disturbances are actually managed or
suppressed? Are these efforts making the
system more vulnerable? Should
management strategies relating to
disturbance abatement be reconsidered?
Development both within the valley and along the catchment area is actively suppressed by MEPA, with consideration given to some agricultural developments - particularly those relating to water reservoirs or any
alterations to buildings which might not have a significant impact upon the area (refer to Appendix 14). Also significant controls have been placed within the beach in order to ensure that kiosks and renting businesses on
the beach are controlled, with those that were not covered by a permit removed, such as water sports related enterprises (refer to Appendix 14). The problem of run-off and clogged canals is also under maintenance
(interview with Eco Gozo representative, 2013 and refer to Appendix & 14), while some of the rubble walls which require repairs are currently undergoing reconstruction (interview with Eco Gozo representative, 2013).
While parking seems to have been suppressed (interview with Environmentalist, 2013). Appendix 14 shows multiple breaches, where a field was converted illegally on a number of occasions to enable the parking of
vehicles. While this is under control, vehicles are still able to park almost on the beach. Whilst this might be hard to prevent, the implications of such an access is unknown. In addition, issues such as illegal off-roading
are present but one might not be able to identify the severity of this. The encroachment of Arundo donax or vines upon the sand dunes is currently being managed by the periodic cutting of Arundo or vines in the dunes.
However, under the directives of MEPA, Arundo donax cannot be completely cut back. Provided that completely removing the stands might remove ecological corridors and islands for species, while at the same time
might cause an unknown shift - the complete removal of Arundo donax requires further investigation. However, it can be said that current management can maintain the current system state. Management (interview with
Gaia representative, 2013) has enabled the growth of the sand dune and propagation of the community. According to the University academic, the effects of these dune related management practices in making the system
more vulnerable or strong are unknown. However, there is no reason to believe that efforts to suppress the disturbances are making the system more vulnerable.  
A direct and very strong relationship can be considered to exist between soil & water and the agricultural community. This community also has an indirect but strong relationship with the topography and the geology
since these have an impact on the water resources and the characteristics of the soil as well as the impacts of how run-off and the force of gravity can hinder or affect the agricultural fields. Such a direct relationship
between the agricultural community and the soil & water, entails that this community has a greater interest over such resources; rather than those individuals , such as those resource users and local residents that make
use of these resources by enjoying the landscape. The latter group would have an indirect relationship with the soil, since it characterises the landscape by providing the medium for the vegetation to grow in, and when
left barren or is under cultivation, provides different colours and contribute to the aesthetics. The relationship for this group with water would also be indirect since the water contributes to the growth of the vegetation.
This group would therefore have a direct relationship with the whole landscape and topography which include all the resources - including the vegetation communities. The relationship would thus be strong. This is more
so with the locals who live in the area and are used to the views and probably decided to live there for this specific reason. Therefore a strong relationship has been defined because it will impact their quality of life.
Apart from this, a strong and direct relationship would also exist between locals (though not necessary limited to the area) and agricultural produce derived from the system (which also translates to a strong and indirect
with the aforementioned soil and water resources). There is also a strong and direct relationship between the beach users and the beach, however this can be seen as a fluctuating relationship which peaks during the
summer months and falls in the shoulder period. The other relationships can be considered as steady throughout the year. With regard to the ecological components that might not have a direct use, such as the sand dune
and its community, these have a strong relationship with scientific communities interested in them, and the management bodies in charge of preserving them on account of their ecological status. The latter would
interfere, for example, with entrepreneurs who have a direct and strong relationship with the beach in order to carry out their business and provide their service - whether these range from the restaurant owners to those
currently selling beach goods, or those who would like to set up water sport activities.
Resilience (to what?)
What is the level of resource dependence in
the focal system?
Consider the property rights in the focal
system (public, private, etc.).
Property rights within the system are various - the agricultural fields are mostly private; the beach, and its components such as the historical battery, the Roman Villa, the fougasse and the natural components such as the
sand dunes and its community are public. The fact that these two forms of property rights co-exist can make it difficult to implement management projects if certain objectives are planned. This is because of management
aimed at preserving sensitive communities within the valley, namely the dunal community projects, would need to tackle issues such as the surrounding agricultural lands which are a pressure in terms of encroaching
vegetation. While attempts to control such encroachment are underway - namely the cutting of Great Reed and vines from vineyards to prevent damage to the dunal communities, any other management project such as
rehabilitating the landscape to more natural land or other projects would need the support of land owners if these are to be implemented. If the private land owners refuse to co-operate when management might affect
them, then intervention within the valley can be hindered. However, one has to keep in mind that farmers have to abide by the laws and standards controlling the use of fertilisers and pesticides which can harm other
resources within the valley, such as the available groundwater. Thus, one observation derived from all this is that since the agricultural lands are already there, it is difficult to carry out any form of landscape
rehabilitation to enable the development of the dunal system over the already existing lands; or to enable the terrestrial successional communities to establish themselves within the valley - unless owners of
abandoned land agree to using their land for the re-establishment of valley communities or maquis communities further up the valley.
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4.0
4.2
4.1 Briefly describe the systems at scales above
and below the focal system in terms of their
social and ecological dimensions that interact
with the focal system in the context of the
main issues.
At the larger scale, one has to keep in mind an island society which in the past was dependent upon the agricultural resources that the island could produce (refer to Appendix 2). One has to bear in mind that even though
an island could use its maritime resources in order to supplement the food requirements, this was not much of a practiced activity as a result of the piratical activities that characterised the Mediterranean region.
Subsequently, as a result of its insularity, the island would remain largely rural, even in the time of the British with only Malta being considered important due to its strategic value ( refer to Appendix 2) . Even with the
construction of an airfield at Xewkija during the Second World War, Gozo would remain a largely ruralised island. It was only with the demilitarisation of the Maltese Archipelago subsequent to the departure of the
British forces that the Maltese Islands had to turn towards another major industry - i.e. tourism. With this, Gozo became advertised to both domestic and foreign as a destination for sun and sea as well as a 'green'
destination. Together with this, one also has to keep in mind the climatic aspect. As identified in the above sections, climate determines the recharge of the ground water supplies, it determines the wind and wave regimes
which erode rock to produce sediment which in turn is also dependent upon these processes in order to be deposited on the beach. Climate can be considered as being present in the larger and smaller scales of the focal
system. It is manifested in the larger scale because it determines the climatic regime of the whole Islands, but also present within the smaller scale when considering aspects such as micro-climates or the localised
manifestations of these - such as the wind and the underwater geology which determine the currents within and below the focal scale. The climate is also important when considering the formation of the valley itself.
One has to keep in mind the wetter climate which formed the valley system, since a greater incidence of precipitation was required to ensure the formation of the valley. At the smaller scale the valley system is largely
characterised by agricultural land. This land is characterised by soil with good water retention capacities, rubble walls and several vegetation types such as Arundo donax or Opuntia ficus-indica which are used to
delineate, and/or bind the soil and/or act as wind breakers. Most of the agricultural land grows crops which require irrigation. Constant maintenance is needed within this level of the system to maintain rubble walls, to
prevent the encroachment of Arundo donax or Opuntia sp. or any other weed species, maintenance is also needed in terms of nutrients available for the crops, or the soil itself (e.g. tillage and irrigation). One can also
consider those areas which are covered by various groves within the valley, such as olive and almond groves; as well as places that are characterised by the Eucalyptus . This has to be considered especially since it has
allelopathic properties, preventing the growth of other vegetation. The smaller scale includes certain natural areas characterised by schlerophyllous maquis vegetation as well as the beach with its own dynamics and
historical components.
Have any of the disturbances fundamentally
altered the nature of the system?
This is dependent on the change being investigated. If one looks at the system over the lifetime of an individual, the system has remained relatively stable (interview with University academic, 2013) with the exception of
the beach, which is dynamic. However, the fact that the nature of the system has long been agricultural raises the question of whether this can be considered as the point from which deviation has occurred. If not, one can
only speculate (refer to section 6.2). However, agriculture can be seen as a fundamental source of system alteration. The fact, that agriculture brought with it the development of a rubble wall system throughout the
valley, meant that a system of sediment traps were created, this in turn could have prevented sediment from reaching the bay. There is also the issue of dune-degradation, where the dunes used to extend as far back as Ta'
Venuta (Cassar, 2002). The degradation of this system could have occurred as a result of encroachment by the agricultural land. It is currently unknown as to how the creation of water canals could have contributed to the
alteration to the system. Also, the propagation of Arundo donax might have caused an alteration in the system due to the plant taking up former agricultural land which could have been the location of local species
succession.
Include significant events. Significant events within the area, apart from the introduction of agriculture in the area, are hard to identify. Research looking into the incidences of heavy storm events yielded minimal information. Researching through
a source describing ex-voto donations to patron-saints or the Virgin Mary for salvation from extreme storms (Muscat 2003), did not reveal any storms that might have affected the area. Other historical accounts also
presented little by way of natural disasters (Agius De Soldanis, 1746, personal communication Bezzina, 2013 Refer to Appendix 2 ). Apart from the construction of the road within the valley in the late 1960's, the
development of the nearby settlements, and the implementation of the 1992 DPA and other forms of legislation inhibiting development and encouraging the protection of the various aspects found within the system -
namely the historical and ecological elements within Ramla l- Ħamra, the valley being defined as an area of high landscape sensitivity and value, as well as the establishment of aquifer protection zones, no other
significant events could be identified. Weather data for the Maltese islands is relatively recent in origin (Chetcuti et al., 1991) and hence no extrapolation of other weather events can be used to place the system in
perspective. Other significant events which can be considered at the micro scale include factors such as the changing delineation of the rubble walls or the changing of the land cover (as with the switch from abandoned
land to vineyards - refer to Appendix 13). When considering the maps and aerial photographs, no significant changes were observed within the AOS, both in terms of additions or alterations within the system. With the
exception of the surfacing of the road after 1958 and the urban development along the valley sides, nothing else has occurred, and the system has largely remained unchanged. Observations of the maps and aerial
photographs, did not reveal any significant changes within the Area of Study, both in terms of additions or alterations within the system. The only changes that could be noted were the surfacing of the road after 1958
and the urban development along the valley sides, hence the system has largely remained unchanged. Despite the availability of the latter information, the lack of data available for other event types acts as a
significant handicap to the analysis .
Which disturbance poses the greatest threat
to the attributes of the system?
The disturbances which can be considered as posing the greatest threat include: (1) the continual growth of Arundo donax ; (2) the yearly storms causing run-off events on the land as well as waves which can cause
significant sand erosion or the deposition of large boulders or pebbles. With regard to the disturbance derived from the abstraction of water from the aquifer, one cannot determine the impact of this disturbance. Even
though the dam system might contribute to the reduction of water abstraction (interview with Eco Gozo representative, 2013), the actual state of this is unknown especially since the private wells are unmonitored, While
development can still result in significant damage to the area, enforcement has prevented further development (interview with MEPA representative & Environmentalist, 2013). Despite this, any development that occurs
further away from the area of study still has the potential to negatively impact the area. Land abandonment can also be considered as a disturbance since it offers a window of opportunity for invasive species. However,
no such data is available to accurately identify the rate at which this is occurring within the area of study (if it is occurring) (interview with Gaia representative & Environmentalist , 2013 respectively). The fact that the
area is a popular beach destination, the resource users can also be considered a significant disturbance.
Expanding the system
Development has been reduced significantly as a result of planning policies and law; other than that things have remained rather static. Storms and other weather related events, while unpredictable, have remained a
constant factor within the system. Neither can the pressure derived from beach goers over the years be quantified, both in terms of volume and their impact on the beach area. However the contributing factor to the latter
included road development within the Maltese Islands, as well as international travel; as both these allowed for the influx of beach users to the area. Also, land abandonment has largely been determined by economic
opportunities around the rest of the island  together with changing demographics and education prospects. 
If any changes in the disturbances have
occurred (e.g. magnitude and
frequency),what factors drove these changes?
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5.0
5.1
5.2
5.3
5.4
5.5
What types of natural and social capital
should be monitored in your system to enable
reorganisation and renewal?
Land available; soils; water resources, recharge and related ecosystems services such as the bio-remediation of water supplies by Arundo donax ; rubble walls, and wildlife corridors; management currently under way by
respective authorities and whether these are actually damaging the system;  
5.6 Are there other adaptive cycles at play
outside the focal system that might influence
it?
Apply the adaptive cycle framework to the
system.
Select one or more key variables that can
serve as indicators of how the focal system
has changed over time. 
Agricultural holdings; produce; employment generated; flow of beach users and vehicles according to peak times, etc.; vegetation cover; vegetation and genetic diversity; irrigation levels; water aquifer levels; water
quality; discharge times, etc. of fresh water springs; soil quality (pH, salinity, etc.) sediment budget; sediment collected from clean up operations; changing growing times of crops and vegetation; nesting and migrating
birds; inventory of pollinators and other species of local importance.
With each change from one era to another,
what were the driving forces that contributed
to/or triggered major changes?
The main driving forces included social change, in particular demographics, which determined the need to establish agriculture to be able to sustain the populations of the nearby villages. Other social changes include: the 
changing of affluence; the pressures from vehicle access and other methods of transport which bring both domestic and foreign tourists (which also has social affluence changes as a contributory factor); changes in 
technology and social structures, which have encouraged a shift away from agriculture and contributed to land abandonment. The latter contributes also to: rubble wall collapse. With regard to the enactment of planning 
policies, etc., these resulted in the wake of uncontrollable development and a period of realisation of the importance of proper environmental management.
Which change-causing drivers or factors
appear to play a major role in the functioning
of your system?
Agriculture; development (human and infrastructural); recreation activities.
System dynamics
Exploitation within this system can be considered to have occurred with the establishment of the agricultural land. Under this definition, one can include various events - ranging from the conversion of land for
agricultural purposes, the construction of rubble walls and the digging and building of canals and dams in order to serve as an alternate source of water for irrigation purposes; however, these might not have occurred
simultaneously - with the construction of the aforementioned infrastructure occurring at a different time period to the other events (even though some of the irrigation system has its origins from the time of the Knights
(interview with Hydrologist/MRA representative, 2013). One can also include the digging of wells and boreholes, however data such as the periods in which they were dug is not available. While this stage, together with
its subsequent stage, led to the tying of resources within the Ramla system, these do not occur specifically to ecological features but to a socio-ecological system. The soil and its nutrients, or the fresh water resources are
being tied to the agricultural system and the agricultural community making use of them. A 'separate' Exploitation Phase can be seen with the growth of the use of the beach for recreational purposes. This does not fall
under the reorganisation phase since the increase in recreational use of this aspect of the system did not change in nature (excluding its past use as a source of drift wood for locals). Subsequent events tied with this
include the development of road infrastructure and kiosks and other services related to beach use. The Conservation Phase within the system can be perceived to include the period in which development plans and
policies were enacted to control the types and extent of development that occurs (both in terms of the Valley and Beach use and ranging from the protection of natural aspects [the dunes and the valley itself], historical
aspects [the archaeological site and fortifications], to specific resources within the system [aquifer protection zones, or the management and cleaning of dams to ensure the effective use of the water catchment area].
While a Release Phase might not have occurred over the whole system, it has occurred at lower levels with the abandonment of some agricultural land. Reorganisation has occurred in a number of ways. It could have
occurred naturally or by human intervention. The former could have occurred with the propagation of Arundo donax or other vegetation such as the Prickly Pear, or even wild local trees such as carob in abandoned
agricultural land (for all, but especially last case (interview with Gaia representative, 2013). One has to keep in mind that in each of these cases the subsequent communities are separate and do not occur largely next to
each other. For example, Opuntia and Arundo occur mostly in the bottom part of the valley, where main agricultural holdings were present, with the latter occurring close to the water channel. The successional
communities of 'traditional' vegetation occur towards the escarpments and the edges of the embayments, probably since these act as refugia for such vegetation due to the relative inaccessibility of the areas to man. It is
possible that the distances from the Arundo stands acted as a buffer to their encroachment, which in turn allowed for the propagation of maquis community vegetation. It is also possible that proximity of these areas to
schlerophyllous communities found on the Coralline plateaus could have also contributed to the establishment or propagation of this vegetation group within the valley. Reorganisation could have been caused by man
when they could have converted agricultural or abandoned agricultural land for the growth of Eucalyptus groves for hunting purposes. Such a development would set the micro systems on their own individual
trajectories since these would prevent the growth of other vegetation as happened with Arundo and Eucalyptus or even possibly alter water abstraction regimes. One cannot determine the amount of water taken by the
Arundo  and Eucalyptus  species unless studies are made. While from a local's and environmental point of view the schleropyhllous vegetation would be preferred in place of the two alien species communities, one cannot 
out rightly condemn Arundo for the simple reason that these might actually be contributing to the system (see above). Reorganisation also occurs when abandoned agricultural land is reconverted for agricultural use. A
Conservation Phase  exists with the banning of further planting of Eucalyptus  and the cutting of Arundo .
Considering trade-offs between efficiency
and flexibility, does the focal system depend
on producing a specific set of outputs under a
specific set of conditions?
The system can be classified as preferring efficiency (for example through the maximisation of production of crops) as opposed to flexibility. However, flexibility can be seen in the system with the provision of various
crops and products. However the system can be quite rigid since it can only provide a specific set of services and goods. Some, such as agriculture, depend on a specific set of conditions which to an extent can be
controlled by man, such as the water resources and nutrients, but the agricultural product is determined by edaphic and water quality which if not managed properly can be degraded and subsequently would negatively
impact the production of crops. The agricultural system is also dependent on conditions which cannot be controlled by man, namely climatic conditions (rain and hours of sunshine, etc.). The beach is also, to an extent,
dependent on a specific set of conditions. These include the sediment and climatic regime which determine the processes and materials which contribute to the dynamics shaping the beach. These however can be shaped
by features within the system such as rubble walls or Arundo acting as sediment traps. However, land abandonment can also contribute to the reduction of sediment as a result of the establishment of vegetation which
prevents soil movement or the lack of agricultural activities which make the soil vulnerable to erosion (interview with University academic, 2013).
Apart from governance issues, the situation in Gozo can be considered as relatively similar all over the island, so no other forms of impacts from other adaptive cycles are seen. 
What are the social and ecological 
dimensions of these trigger events?
Refer to section 4.3
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6.6 How do these factors and inter-relationships
change as the system state change?
When the vegetation cover and extent changes, one can consider this as a significant driving force of change in the other factors. They can reduce the sediment budget as a result of the less vulnerable soil resources, which 
in turn can reduce the amount of sediment which reaches the bay area and can thus lead to further changes in the system by changing the beach and dune dynamics. An increased vegetation cover can determine the
amount of water taken from the aquifers, and if the vegetation is able to have an impact upon this, the vegetation and agricultural communities can suffer due to the lower amount of water available. Changing vegetation
types and extent can impact soil quality; depending on the vegetation characterising the land the soil may become fertile due to organic material, but may also reduce fertility as result of the take up of nutrients. Unless
these are returned to the soil by companion species within the ecological communities, this can have a severe impact upon the system (provided that these transitions are occurring from agricultural land to more natural
forms of land cover). The changing vegetation cover and extent, in turn can impact the system by changing its nature - by impacting already existing communities if the vegetation is different to the established
communities, by changing the landscape value, or by encroaching upon the agricultural assets within the system. 
Describe the alternative states of the focal
system.
With regard to alternative states for the system, one can encounter a number of difficulties in identifying these. In the absence of invasive species such as the Arundo or the Eucalyptus as well as agricultural activities, it
is probable that the alternate states of agricultural land are those identified on the edges of the valley near the escarpments. This observation addresses the possible alternate state of the system in the absence of human
presence and influences upon the system. Subsequently one can also consider the possible alternate states of the system in light of an unperturbed dunal system. The dune could extend further inland (as identified by
Cassar and Stevens (2002). It is possible also these dunal communities, however, can also undergo colonisation by successional vegetation communities subsequent to the accumulation of organic material from original
dunal communities. This is also probable due to the proximity to such vegetation within the valley. If such a process occur, one would also have to take into account the possibility of dune stabilisation and the possible
extension of the beach line subsequent to the stabilisation at the back of the dune and further accumulation at the front. This, however would be difficult to prove subsequent to the issue that even though the beach is
possibly at its largest extent (interview with Environmentalist, 2013), erosion from sea currents are a major process to consider. However, there is strong possibility that since the valley has a high water availability, the
alternate state of the system would be a highly vegetated one. (However, when agricultural land is abandoned or not worked, it is characterised by weed and herbaceous species such as fennel, which could act as an
indicator that such fields could transform into steppic and subsequently garrigue communities within a couple of months or years. Ideally a case study involving other valleys within the Island should be carried out to
correlate the possible states that could exist.
Describe the historical states of the system. Describing the historical states of the system is also a difficult exercise due to the unavailability of data or information or studies on the past states of the system. The fact that the nature of the system has long been
agricultural raises the difficulty of investigating past states of the system; and thus one can only speculate. Place names can indicate the past state of the area. However with the exception of Ta' Ħida, the place names
within the area of study (refer to 2008 map) are not indicative of possible past states within the Valley. Ta' Ħida represents a former nesting site for the red kite, which indicates that the area must have been characterised
by tree cover (Cassar, 2012). According to the interview with Gaia representative, the area might have also seen a larger extent of Vitex agnus-castus for the production of baskets. The fact that the only other historical
information related to the area is that the Knights planted vines in the area (Agius De Soldanis, 1936) makes one think of the possibility of the area remaining largely unchanged. With the exception of the road and the
canal system as well as the larger extent of the dunal system , the system's states might have remained constant through out history. 
Describe the transition phase between
alternative state in the system. What is the
degree of reversibility between alternative
stable stations based on the understanding of
the transitions.
Based on the fact that agricultural land is largely dependent upon the input of man, once this stops it is very easy for non agricultural vegetation to establish itself on the bare soil - Arundo for example is highly invasive
and can take over such land with relative ease. As with the theory of ecological succession, it is probable that were land is abandoned and local communities will grow, that land can develop into the higher seral stages. 
With regard to reversibility, it is a vague topic, since if land is retaken by natural communities, wouldn't that mean that the system is probably returning to its actual original state? Other than that, if man wants to revert
land back to agricultural use, the reversibility depends upon the vegetation type. Opuntia or Eucalyptus can have extensive root systems, with the former being able to propagate itself from this. So can local trees such
as the Quercus ilex which can resprout from this system. In the event that such vegetation is present, it might be difficult to revert this land back to agricultural use. With regard to the dunal communities no alternate
state is known (apart from incidences with invasive Arundo ). Eucalyptus as an alternate state of the system should be considered as a man induced state - while there might be some degree of local propagation as a
result of the growth of seedlings, the growth of this tree has been largely the work of man.
Multiple states
Thresholds & transitions
How might the focal system in its current
state experience transition into each of the
identified alternate states? Is the transition
smooth and gradual or abrupt and sudden?
While there is a risk of algal blooms occurring, no such event has been documented or identified. The transition between alternative states is largely the result of the establishment of new vegetation species. Depending on 
the growth rate, the transition into these states can be smooth and gradual,  especially on bare agricultural land which can be abandoned. With regard to the beach system, whenever the beach morphology is impacted  by 
sudden storms, the change can be considered as abrupt and sudden; with changes from seasonal current patterns being smooth and gradual. 
Are there particular desirable or undesirable
traits associated with each alternative state?
It's all dependent upon the users' perspective. Arundo 's status as an invasive species capable of pushing all other vegetation and destroying rubble walls can make it highly undesirable, unless it is actually proven that it
is contributing to the maintenance of water quality or carbon sequestration in the area (see above). It is possible that some people consider the Arundo as unsightly, while others consider it as characteristic of the area
(interview with Environmentalist, 2013) - so further investigation on this would be required. One has to keep in mind that whatever the vegetation cover, these will offer wildlife corridors, however they might also
provide further game for hunters and the impact of this on both natural and social aspects would need to be looked into further. Arundo 's threat to the dunal community is largely undesirable due to the latter's scientific
and ecological importance within the Islands. If maquis or garrigue communities were to be established, the benefits from them are the resources such communities provide (e.g. herbs for culinary or medicinal uses, or the
trees' fruits such as carobs for the production of artisanal products which could support niche markets). Such vegetation cover could also allow for the propagation of ecosystem services by acting as habitats for
pollinators or contribute to the improvement of air quality.
Identify the 3-5 main factors which define the
particular/current state in consideration. Use
'rule of hand'.
The current state can be defined by  (1) vegetation types and their extent, (2) the aquifer levels and the annual recharge rate, (3) the  sediment budget, (4) soil characteristics 
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Refer to sections 6 and 7.1 - the main threshold would be the extent of management schemes aiming at maintaining or reducing the extent of the Arundo donax or any other management practices aimed at controlling
alien species; together with the actual presence of agricultural activities, for it is this determining whether the system crosses one state to another. The amount of water also is a threshold for this determines the growth
and type of vegetation cover. Arundo requires alot of water, when compared to sclerophyllous vegetation that would also be present within the system. With regard to the actual extent of the beach, the threshold would
be the sediment budget shaping it. The degree of reversibility of the impact on sediment supply is likely to be low subsequent to the factors determining supply changing. Also thresholds of agriculture on water and soils
in terms of quality - if agriculture negatively impacts these, consequences will be felt upon the natural ecological communities as well as the agricultural communities. Over abstraction of water by agriculture can be
irreversible due to the depletion of the mean sea level aquifer or the negatively impacted by the irreversible process of sea water intrusion. 
Characterise each threshold of potential
concern by indicating the main factors
driving the change, its degree of reversibility
and the possible consequences of crossing the 
threshold.
N/A in terms of ecological change; need for further research in terms of sediment budget as well as the amount of water needed for the propagation of vegetation, and the water and soil quality issue.
Refer to section 7.5
Estimate the approximate location of any of
these thresholds.
How do thresholds from social subsystems
interact with thresholds from ecological sub-
systems?
Most thresholds are derived from
ecosystems. Are there any related to social
dimensions (economic, political, cultural)?
Yes, as mentioned above, economic and cultural factors determine how much people are willing to continue working in agriculture. Therefore, changing employment and education determines how many people are
working the fields, as well as the time they have available to do this if they are part time workers. The changing demographics is also an issue, since most people working in agriculture are becoming more advanced in age
and thus health issues can impact agriculture. Cultural changes are definitely at work with the desire of the younger generations to work in less labour intensive industries to obtain better wages and improved quality of
lives. Other issues could include the changing climatic thresholds - i.e. hotter work days which can determine decisions to continue maintaining agricultural land. Such factors can not only impact the actual growing of
crops, but also associated activities such as the repair of rubble walls. Therefore, one can state that the main thresholds at play  would include those determining whether farmers should pursue their activities. 
262
Appendix 10 b          Populated Resilience Assessment Checklist - Ramla Valley Gozo
REMARKSPARAMETERS
8.0
8.1
8.2
8.3
8.4
8.5
8.6
9.0
9.1
9.2
9.3
10.0
10.1
How can smaller scale sub-systems affect the
focal state?
In which ways could the focal system be
determined by larger scale systems?
Interacting thresholds & cascading change
The extent of management scheme - small, focal and larger scale, part of social domain but determines the ecological one as well ; the presence of agricultural activities - largely small and focal scale (but impacted by
larger scale in terms of social values, etc.) , part of social domain; The amount of water - focal scale and larger scale (latter because of climatic regime as well as abstraction elsewhere of mean sea level aquifer),
ecological domain but impacted by social; the threshold of sediment budget - small, focal and larger scale (latter because of sediment from Pergla Valley) - largely ecological but can be impacted by social; thresholds of
agriculture on water and soils in terms of quality - small, focal and larger scale, social domain.
Refer to section 4.1
Refer to section 4.1
The panarchy
It can be considered as being in the conservation state, especially in light of the development and planning policies and laws in place prohibiting further forms of extensive development. The fact that Gozo largely
remains agricultural has contributes to its conservation state. The Eco Gozo project, which aims to improve and use sustainably the natural resource and improving Gozo as an eco-tourism destination, however, can be
seen as part of the conservation phase as well as a reorganisation phase. 
Refer to section 4.1
Referring to the larger scale system, what
phase of the adaptive cycle does the larger
scale system appear to be in?
Describe briefly the main influences from the
larger-scale systems on the focal system.
Indicate the adaptive cycle phase(s) of the
smaller scale sub-systems.
Identify thresholds of potential concern in
light of the variables of section 7. Identify
these according to the spatial scale (small-
focal-large) and whether this is part of the
social or ecological domain.
Management scheme - 2 (medium certainty because without such management in place the system's components can be damaged, impacting both ecological and human aspects tied to the system); presence of agricultural
systems - 1 (high certainty because can negatively impact the aspects with in the system [water, soil] but also since with out it changes towards alternate states will happen); amount of water - 1 (this is a critical
resource, if it is absent the system will also change) sediment budget - 1 (will change the beach and dunal system since the system is evidently dynamic and greatly dependent on this) water and soil quality - 1 (also an
important determining factor)
General & specified resilience
Consider the following that confer general
resilience: diversity, openness, tightness of
feedback system reserves and modularity,
answer the following in light of the focal
system:
Assign a level of certainty for the thresholds
from 1-3 (1-high, 3-low).
Disturbance might cascade across scales if, for example, incentives are not made to support agriculture and encourage people to work in that sector. Cascading disturbances would thus include the loss of landscape value
at the focal scale, which in turn could impact the tourism industry. Also, lower productivity within the area could impact the economic system of Gozo. The loss of sensitive ecological communities would also impact the
larger scales as a result of loss of genetic diversity of unique species. 
A lot of evidence is missing, some data is largely lacking or unavailable (e.g. water levels, water quality needs to be more holistic, soil quality not measured frequently, sediment budget studies lacking as well.
Are both focal and smaller systems in a
conservation phase? How might this situation
increase the possibility of disturbance
cascading across scales?
What evidence is present for the thresholds
of concern?
Refer to section 5.1
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 10.1.2 
10.1.3
10.1.4
10.2
11.0
11.1
11.2
10.3 How do these relate to the specific resilience
identified in section 3?
Without agricultural activities, alien species can easily take over the agricultural land in place of natural ecological communities; while the lack of such activities could leave the rubble walls to deteriorate further, to the
extent that soil loss can propagate within the system. Improper agricultural activities could damage the water resources by contamination or over abstraction, while they could also leave the soil vulnerable to erosion by
over irrigation or excessive ploughing, or leaving the soil exposed to the elements when leaving it fallow.
- Which part of the system lacks such
attributes; which could result in a loss of
function? 
Which attributes pose the greatest threat to
general resilience in the focal system?
What key formal and informal institutions
have a bearing on decision making in the
focal system? Do they enhance or constrain
flexibility to address issues as they arise?
At what levels are the key decisions being
made that affect the focal system and issues
of concerns? Are these levels appropriate?
 - Resilience of what?
 - Resilience to what?
 - What are the main issues?
Referred to in above description
The area cannot be considered as diverse when considering it in terms of the main issue. With the exception of the lie of the land, one can consider the area of study as relatively homogenous, with the beach area being
too small and vulnerable to contribute to resilience in terms of diversity (though it does contribute to diversity in terms of genetics). In terms of the main identified issues, the diversity can to an extent be manifested in
the system by means of the different agricultural crops grown in the fields. Each field would thus have a different agricultural need in terms of water and/or fertilisers according to the crop that characterises the field.
Therefore, at a small scale, the diversity provided by the system can be considered as bestowing resilience, however, when focusing at the focal scale, that diversity will not be able to bestow resilience in terms of the state
of the water resources and the threat of Arundo donax . Vegetation cover can have a positive impact on the soil. Diversity on the beach system does not confer resilience. With regard to sediment, further research is
required to enable the understanding of how the ground conditions determine the sediment budget. Openness *** is hard to consider since the state of the system has appeared to be unchanged (refer to interviews) With
the exception of the changes in the extent of vegetated areas by shrubs, trees and other tall vegetation, no other changes have occurred ; while disturbances (such as soil erosion) have appeared to be constant over the
years without any significant developments as no reference to any instances have been made by any of the interviewees or in available literature. Therefore, the degree of openness the system has and whether this is
required, is unknown. Reserves (normally present in ecological features such as habitat patches or social features such as memory and local knowledge), can be manifested in a number of ways. If one looks at the valley
not only from its main agricultural system but also as refugia for natural communities, the system provides reserves to resilience to the larger scale system (e.g. for maquis communities). Those reserves of maquis
communities in the valley, in turn can provide resilience for that community by allowing for the source of regeneration to persist and possibly also re-propagate in the event of abandoned land. In his interview, the Gaia
representative reported the regeneration of this community without the aid of human intervention. Other reserves exist in terms of the water reservoirs and dams present, since these might lower the strain on the aquifers.
If further research were to be carried out to account for the potential storage, such infrastructure (i.e. the private reservoirs) and compare it with the actual water needs of the system, one would be able to identify the
resilience of the system in terms of the pressures on the natural water aquifers. If Arundo is confirmed to contribute to water purification, one can also consider the stands as reserves which contribute to the resilience of
the water body. Social reserves vary. The attempts of Gaia to manage the dunes can be considered as reserves for the dunal communities since they have seeds for those communities. Social knowledge might be
dwindling in terms of old agricultural methods which could be made use of for water collection, while reserves for the labour workforce might also be dwindling. Tightness of feedbacks seem to be high in terms of
responses from the management aspect due to the current projects in place aimed at treating the issues namely, water catchment plans, structure plans, Gaia foundation, channel cleaning. However the effectiveness od
these projects need to be determined since the data on the state of the natural resources is unavailable. Modularity cannot be present for the aquifer system since this is interconnected, however it is hard to apply to the
system. It refers to the reorganisation capabilities of interacting sub-components to prevent the disturbances from affecting the rest of the system. Reorganisation in this system would largely be based on the continual
activities of farmers to maintain the activities in their land. Factors such as the contribution of the agricultural practices on the soil status or water quality would be included under system re-organisation. However,
without up to date monitoring of the land's status and whether the soil systems are being harmed by agricultural activity, one cannot establish the reorganisation that can occur in this aspect of the system. The same can
apply to the water resources. As mentioned above, the agricultural status of the area renders this assessment difficult, because in this case, what would reorganisation refer to? Should it include the reorganisation of the
landscape to returning to its natural state? (Which is possible given enough time) . Reorganisation in terms of the beach cannot be applied due to its dynamic nature. With regard to the issue of storm events, one has to
keep in mind a couple of observations, the diversity and modularity of the fields in terms of the rubble walls in place and management to maintain soil resources will ensure resilience from one aspect, but it might reduce
the ability of the beach to recover from erosion (when considering sediment both from the Pergla and Ramla Valleys) - however if sediment is determined to be strictly (or mostly) derived from the collapsing boulders
from the UCL promontories, then land abandonment and rubble walls would not contribute or impact the resilience of the beach system. 
10.1.1
Levels to an extent are carried out at the larger scale system which consider the focal system, and at the smaller scale system (i.e. Gaia's operations). For their main functions they are appropriate, but if management at
the focal level were to be implemented (i.e. consider all the issues identified above) the system would be managed in a more holistic level. However, considering the size of the island, the larger scales for Gozo can be
considered as being not too distinct from the focal scale. 
Governance system: Adaptive governance & institution
MEPA, Ministry of Gozo, Local Councils, Gaia Foundation - they might contribute to the flexibility, however unless their actions are not coordinated or integrated, they might constrain flexibility since management
might not be carried out in a timely manner to react effectively in light of disturbances. 
Referred to in above description
A loss of function would be derived especially if the water and soil system is severely degraded, unless more forms of management practices are carried out. The only evidence of rubble wall repairs are those along the
dams and in the area where three land owners were seen rebuilding a wall in the middle of the valley during one site visit. Should the government provide aid to farmers for wall maintenance? What about the aquifers?
Can sampling points increase?
Improper or lack of agricultural practices. The dune systems appear to be healthy/not in any imminent danger. When considering the fact that aerial photographs have indicated minimal changes, with the exception of the
extent of vegetation cover, indicates that the system's general resilience appears to be unhindered. 
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11.3
11.4
11.5
Is rule compliance and enforcement
effective?
Are conflict resolution mechanisms in place
to deal with power inequalities and
differences in values, interests and
perspectives? Is there a general willingness to
engage in collaborative decision-making?
Is decision making concentrated within a
single group institution, or is a diversity of
institutions accepted by stakeholders?
It is concentrated with MEPA. 
**Becker et al. (2012) state that grasses such as Arundo donax can produce as much as 51 t above ground dry biomass (Angelini et al., 2008 in Becker et al. 2012) which can have an equivalent of about 21 t of carbon per ha per year (when compared to the statement that 5-25
t dry mass produce an equivalent of 2.4-12 t carbon). Using such grasses in barren areas can turn them into carbon sinks (Fairless, 2007 in Becker et al., 2012). Cosentino et al. (2008) report Venturi and Venturi (2003) in stating that 1st year crops of Arundo produced about
280 GJ/ha while 2nd year crops produced 592 GJ/ha. Quoting Cosentino et al. (2007) and Angelini et al. (2005 a and b) they state that the energy ratio was 7.4 in the 2nd year of irrigation and 77 corresponding to the year of maximum productive level.   
*** Openness: if there is no degree of openness either extreme can reduce resilience (Resilience Alliance, 2010) 
Appendix 14 indicates the occurrence of contraventions and efforts by the Competent Authorities to address them. However, the fact that private boreholes which could be illegal are still in operation indicates that
enforcement could be weak in the area. Despite this the fact that controls are in place with regard to activities at the beach and that these have been controlling the extent of commercial activities developing also indicates
that enforcement is effective at times.
The public is encouraged to attend public participation events, and at times such events generate interest. However, the fact that few stakeholders attended the latest meeting pertaining to the system (personal
communication with Adi Associates representative) indicates that the locals might display a lack of interest in such events. 
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Appendix 11    Guided questionnaire for farmers and/or other 
stakeholders 
 
1) How long have you been farming the area and/or familiar with the area?  
 
 
2 a) Have you seen any change in the vegetation of the area (such as trees or shrubs) 
and their extent?      Y / N 
 
2b) If so, can you describe the changes?  
_____________________________________________________________________
_____________________________________________________________________ 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
____________________________________________________________________ 
 
3 a) What are the crops that you grow?  
_____________________________________________________________________ 
 
3b) What are the resources you need for these and what is the consumption of water, 
fertilisers, etc.? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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4a) Have you been encountering any difficulties when carrying out your activities 
which were not present before?  Y / N 
 
4b) If so, can you describe?  
____________________________________________________________________ 
_____________________________________________________________________
_____________________________________________________________________ 
_____________________________________________________________________
_____________________________________________________________________ 
_____________________________________________________________________
_____________________________________________________________________ 
_____________________________________________________________________ 
 
5) What threats do you perceive to be present over the whole system in terms of:  
Fertility:______________________________________________________________ 
_____________________________________________________________________
_____________________________________________________________________ 
 
Draught: _____________________________________________________________ 
_____________________________________________________________________
_____________________________________________________________________ 
 
Water Availability: _____________________________________________________ 
_____________________________________________________________________
_____________________________________________________________________ 
267 
 
 
 
Invasive Species & Hunting: _____________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
 
Run-off & Erosion & Floods:____________________________________________ 
___________________________________________________________________ 
_____________________________________________________________________
_____________________________________________________________________ 
 
Climate Change & Growing Season: _______________________________________ 
_____________________________________________________________________
_____________________________________________________________________ 
 
Nutrient Availability: ___________________________________________________ 
_____________________________________________________________________
_____________________________________________________________________ 
 
Quality of Soils: _______________________________________________________ 
_____________________________________________________________________
_____________________________________________________________________ 
 
Local Habitat: _________________________________________________________ 
_____________________________________________________________________
_____________________________________________________________________ 
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Appendix 12 Interview questions  
 
1. If you could describe change within the Valley, how would you describe it as 
far back as possible?   
 
2. Has change occurred in the ecology when compared to previous ecological 
communities that might have been in the area?  
 
3. Could you think of any natural forces which could have driven or are still 
driving this change? 
 
4. Would you say that the area has provided man with vital services or resources 
in the past and present?  
 
5. What were these and to what extent do you think that in order to obtain these 
services, man has influenced and shaped the system and brought about 
change?23 
 
6. Do you think that there are any threats in the area concerned? If so, of what 
nature are these threats? 
 
7. How can these affect the area? 
 
8. Do you think that these threats are linked to the above described changes? 
                                                            
23 -What type of disturbance was man causing and how did this affect the ecology, its composition and 
the environment? 
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9. Can you think of any other drivers of change? 
 
10. In light of the above, do you consider the area as susceptible to change? 
 
11. With regard to management of the area, could you describe past and present 
initiatives and what do these entail? 
 
12. How would you describe their impacts on the area? 
 
13. Looking at the system as a whole, what are your impressions of the area? 
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Appendix 13 Typical water quality levels of the aquifers around the area of study 
 
Table 13.1: Typical water quality levels – temperature, conductivity, dissolves oxygen and pH (source: Ministry for Energy and the 
Conservation of Water, 2013) 
 
                                                            
24 Perched ground water bodies 
25 GMSL – Gozo Mean Sea-Level Aquifer system 
Station ID Sample ID GWB Type ID GWB ID 
Temperature Conductivity Dissolved O2 
pH 
oC uS/cm % 
Nadur Station WFD_66_11 Perched24 Nadur 17.16 371 41.4 7.6 
Xagħra Station WFD_65_11 Perched Xagħra 19.24 2215 79.3 7.9 
Xagħra_Nadur Deep Wells WFD_67_11 GMSL25 GMSL 18.55 3174 38.9 7.7 
Station ID Sample ID 
GWB 
Type ID 
GWB ID 
Nitrate Ammonia Sodium Chloride Lead Copper Zinc 
Sulphate 
Total 
Pesticides 
Fluoride Arsenic Boron 
mg/l mg/l mg/l mg/l ug/l mg/l mg/l ug/l mg/l ug/l mg/l 
Nadur Station WFD_66_11 Perched Nadur 17 0.38 24 42.1 19 0.005 0.023 9.5 <0.01  -  - -  
Xagħra Station WFD_65_11 Perched Xagħra 124 <0.01 244 330 2 0.002 0.012 98.5 <0.01  -  -  - 
Xagħra_Nadur Deep Wells WFD_67_11 GMSL GMSL 26.8 0.02 401 761 <0.1 0.001 0.057 187 <0.01 3.3 11 0.323 
Table 13.2: Typical water quality levels – chemical parameters (source: Ministry for Energy and the Conservation of Water, 2013) 
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Case Number Year Location Description Application Type Case Category Decision Remarks
PA/02669/99 1999 (May) Ta' Biżiel,, Triq il- Kaċċaturi, Xagħra Erection of agricultural store Full development permission Outside Development Zone Refused
PA/04520/06 2006 (August) Site at, Triq il- Kaċċaturi, Xagħra To construct dwelling Full development permission Outside Development Zone Refused
PA/00789/98 1998 (February) Triq il- Kaċċaturi, Xagħra Additions and alterations of a sea water pool Full development permission Outside Development Zone Refused
PA/06406/97 1997 (November) Triq il- Kaċċaturi,  Xagħra To install a satellite dish antenna Telecommunications antennae Outside Development Zone Refused
PA/04092/03 2003 (July) Site at, Tal- Biżiel,  Xagħra To construct reservoir and overlying agricultural store Full development permission Outside Development Zone Originally refused, subsequently upheld
PA/00032/92 1993 (January) Ramla Road,  Xagħra To construct a farmhouse Pre-1993 Application Not applicable Refused
PA/02327/96 1996 (April) Ramla Road,  Xagħra To reserve an area (2m x 4m) for a fixed kiosk to sell ice-cream and minerals Full development permission Not applicable Refused
PA/04671/94 1994 (December) Site at Wied Għajn Watar,  Xagħra Sewage Pumping station Full development permission Not applicable Permit Granted
00159/13 2013 (February) Triq Għajn Qamar,  Xagħra Construction of underground reservoir - Development Notification Order Approved
00459/06 2006 (June) Lands at Ta' Għajn Qamar off Triq il- Kaċċaturi  Xagħra Construction of underground reservoir - Development Notification Order Approved
0179/07 2007 (March) Site at Wied Għajn Watar,  Xagħra To construct a reservoir - Development Notification Order Approved
00875/07 2007 (October) Site at Wied  Għajn Watar,  Xagħra To construct a pump room and replace existing boundary wall built in franka stone
with rubble 1.2m high
- Development Notification Order Approved
00162/06 2006 (March) Lands at Ta'  Għajn Qamar, Triq Għajn  Qamar,  Xagħra Construction of underground reservoir - Development Notification Order Approved
PA/05138/02 2002 (September) Site at, Triq  Għajn Qamar,  Xagħra Re-development of an existing fully licenced commercial complex Outline development permission Outside Development Zone Revoked by Planning Authority
PA/07902/05 2005 (December) Site at, Triq  Għajn Qamar,  Xagħra Demolition of existing commercial complex and construction of tourist complex
with pools as per outline permission PA5138/02
Full development permission Outside Development Zone Revoked by Planning Authority
EC/00036/12 2012 Site at, Ta' Marin,  Xagħra Parking areas and structures/stores beneath same parking without permit - Planning Enforcement Pending at Enforcement Officer
EC/00381/00 2000 Site at, Triq Calypso,  Xagħra Demolition and reconstruction of old building without permit - Planning Enforcement Pending at Enforcement Officer
PA/03337/07 2007 (May) Site at, Tal- Marin, Wied  Għajn Water,  Xagħra To construct a well for rain-water Full development permission Outside Development Zone Permit Granted
PA/00427/01 2001 (January) Site at, Tar- Ramla,  Xagħra To sanction boundary wall Full development permission Outside Development Zone Refused
00095/00 2000 (January) Site at, Wied  Għajn Watar,  Xagħra Construction of water reservoir and pump room - Development Notification Order Not Accepted - Application Required
PA/02921/93 1993 (May) Ramla Bay Parking Facilities Full development permission Not applicable Permit Granted
EC/00685/04 2004 Site at, Triq ir- Ramla,  Xagħra Change of use of site from agricultural land to parking area without permit - Planning Enforcement Owner Complied/Structure removed by owner
EC/00678/02 2002 Site at, Triq ir- Ramla,  Xagħra Change of use of land for parking vehicles without permit - Planning Enforcement Owner Complied/Structure removed by owner
EC/00038/07 2007 Site at, Triq ir- Ramla,  Xagħra Concrete passage and metal gate without permit - Planning Enforcement Pending Application to sanction
PA/07072/07 2007 (November) Site at, Triq ir- Ramla,  Xagħra Annual temporary use of field into parking area during July and August Full development permission Outside Development Zone Refused
PA/01037/05 2005 (February) Site at, Triq ir- Ramla,  Xagħra Annual temporary use of field into parking area during July and August Outline development permission Outside Development Zone Refused
PA/01551/99 1999 (March) Restaurant [will not define for owner's privacy] Ramla Bay,
Nadur
To fix temporary tents to shade seating area, to erect a temporary bamboo fence
with painting fixed on it and to fix advertisement
Full development permission Outside Development Zone Refused
PA/01796/97 1997 (April) Site at, Triq ir- Ramla L- Hamra, Nadur To use the kiosk for hiring of umbrellas, deck chairs and beach accessories Full development permission Not applicable Refused
Both this and the above case subsequently still 
occurred in breach of decisions, as indicated in 
case number EC/00013/98.
Not According to Approved Plans - Rural room
or structures - not agriculture - note: the
proprietor is the same as the two above cases
even though the address is different.
Both this and above case put forward by same 
individual
No permission Sought
Fields close to kiosks at Ramla
Appendix 14   Table 14.1:     Planning Development  and Constraints  within Ramla Valley based on the Geographical Location (1993-2012)
Subsequent Appeal also refused
Upheld 2005
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PA/02030/00 2000 (April) Site at, Ramla Bay,  Xagħra To place kiosk at Ramla Bay. Kiosk is to sell take away food, snacks, juices,
sweets, chocolates, and drinks according to licence for fixed kiosk category B.
Tables and chairs are to be placed in front of kiosk.
Full development permission Outside Development Zone Application dismissed
PA/01871/94 1994 (April) Triq ir- Ramla,  Xagħra To hire beach equipment from a site at Ramla Bay Full development permission Not applicable Refused
EC/00118/12 2012 Site at, Ramla Bay,  Xagħra Kiosk without permit on scheduled property - Planning Enforcement Pending at Enforcement Officer
EC/00675/00 2000 Site at, Ramla Bay,  Xagħra Kiosk without permit - Planning Enforcement Permit Granted -  sanctioned enforcement
EC/01203/01 2001 Site at, Ramla Bay,  Xagħra Kiosk and advert not removed as per condition in permit - Planning Enforcement Permit Granted -  sanctioned enforcement
EC/00617/97 1997 Site at, Triq ir- Ramla L- Hamra, Nadur Change of use on scheduled property for commercial purposes without permit - Planning Enforcement Owner Complied/Structure removed by owner
00140/04 2004 Site at, Ramla Bay,  Xagħra Temporary tented structure 15 May - 15 October 2004 - Development Notification Order Approved
00553/08 2008 (June) Site at, Ramla Bay,  Xagħra Temporary tented structure 15 May - 15 October 2008 - Development Notification Order Refused
EC/01200/01 2001 Site at, Ramla Bay,  Xagħra Kiosk on site without permit - Planning Enforcement Permit Granted -  sanctioned enforcement
PA/01902/00 2000 (April) Site at, Ramla Bay,  Xagħra To place kiosk at Ramla Bay Outside Development Zone Permit Granted
EC/01204/01 2001 Site at, Ramla Bay,  Xagħra Kiosk not removed as per condition in permit PA/2067/00 - Planning Enforcement Permit Granted -  sanctioned enforcement
EC/00717/00 2000 Site at, Ramla Bay,  Xagħra Kiosk without permit - Planning Enforcement Permit Granted -  sanctioned enforcement
PA/02067/00 2000 (April) Site at, Ramla Bay,  Xagħra To place kiosk at Ramla Bay. Kiosk is to be used for hiring of deck chairs and
umbrellas and to sell beach equipment, toys and other goods related to swimming,
according to licence for fixed kiosk category C.
Full development permission Outside Development Zone Permit Granted
PA/02653/98 1998 (April) Site at, Ramla Bay,  Xagħra To rent umbrellas from kiosk present Full development permission Outside Development Zone Refused
PA/07052/96 1996 (November) Site at Ramla Bay, Nadur Hiring of umbrellas from kiosk covered with permit Full development permission Not applicable Refused
PA/02391/99 1999 (May) Site at, Ramla Bay,  Xagħra To place ice-cream and mineral kiosk van for temporary period - from June to
September 
Full development permission Outside Development Zone Refused
PA/03837/95 1995 (July) Site at Ramla Bay, Nadur Stand for hiring umbrellas and selling beach accessories Full development permission Not applicable Refused
EC/00841/98 1998 Site at Ramla Bay Canopy without permit - Planning Enforcement Owner Complied/Structure removed by owner
EC/00840/98 1998 Site at Ramla Bay Canopy and wooden partition without permit - Planning Enforcement Owner Complied/Structure removed by owner
EC/00842/98 1998 Site at Ramla Bay Canopy without permit - Planning Enforcement Owner Complied/Structure removed by owner
EC/00325/99 1999 Site at Ramla Bay Hiring of deckchairs without permit - Planning Enforcement Permit Granted -  sanctioned enforcement
PA/03199/08 2008 (June) Site at, Ramla Bay, Xagħra To erect timber walkway annually from May to October for better accessibility Full development permission Outside Development Zone Permit Granted
PA/05435/96 1996 (September) Site at, Triq ir- Ramla,  Xagħra To operate as a hawker on a fixed site, selling had knitted garments, underwear,
etc.; beach goods and to hire deckchairs, sunbeds and umbrellas
Full development permission Not applicable Refused
PA/00447/98 1998 (January) Site at, Triq ir- Ramla,  Xagħra To hire umbrellas Full development permission Outside Development Zone Refused
EC/00421/11 2011 Site at, Ramla Bay,  Xagħra Placing of stone slabs underneath sand and aluminium/iron trampoline frame in a
scheduled area
- Planning Enforcement Direct Action - Notification Letter Sent
EC/00620/97 1997 Site at, Ramla Bay,  Xagħra Change of use on scheduled property without permit - Planning Enforcement Owner Complied/Structure removed by owner
EC/00104/98 1998 (January) Site at, Triq ir- Ramla L- Ħamra, Nadur To hire deckchairs and umbrellas Full development permission Outside Development Zone Refused
EC/07307/06 2006 (November) Site at, Ramla Bay,  Xagħra Change of use of land to hire water sports facilities (mechanical and non-
mechanical)
Full development permission Outside Development Zone Refused
Necessary requirement to issue a permit have not 
been fully met. No permit can be issued
Fixed tent structure on area reserved for tables 
and chairs cannot be permitted as this goes 
beyond the structures allowed with the area 
reserved for tables and chairs. Moreover, the 
proposal is in breach of conditions of a number 
of permits.
No permission Sought
No permission Sought.
No permission Sought.
No permission Sought.
Breach of Conditions
No permission Sought.
Breach of Conditions.
Breach of Conditions.
No permission Sought.
No permission Sought
No permission Sought.
No permission Sought
Not According to Approved Plans
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EC/01166/96 1996 Site at, Ramla Bay,  Xagħra Hiring of umbrellas and deckchairs on scheduled property - Planning Enforcement Owner Complied/Structure removed by owner
EC/01163/96 1996 Site at, Ramla Bay,  Xagħra Water sports hiring equipment on public land without permit - Planning Enforcement Owner Complied/Structure removed by owner
EC/00477/02 2002 Site at, Ramla Bay,  Xagħra Illegal water sport activity in a scheduled area - Planning Enforcement Direct Action Bills/Illegalities Partially Removed
PA/00687/07 2007 Site at, Ramla Bay,  Xagħra To place sunbeds and umbrellas for hire Full development permission Outside Development Zone Refused
EC/00781/03 2003 Site at, Ta' Venuta, Nadur Construction of electricity poles without permit - Planning Enforcement Pending at Enforcement Officer
EC/00049/04 2004 Site at Tar- Ramla, Nadur Agricultural room without permit - Planning Enforcement Permit Granted -  sanctioned enforcement
PA/06222/04 2004 Site at Tar- Ramla, Nadur To sanction the reconstruction of roof and wall of agricultural store Full development permission Outside Development Zone Permit Granted 
00649/13 2013 Site at, Ghajn Ħozna, Ramla Valley,  Xagħra Minor improvements to works approved in DN 894/11 - Development Notification Order Approved
00894/11 2011 Site at, Wied Tar- Ramla,  Xagħra Cleaning of debris from valley basin - Development Notification Order Approved
PA/02407/09 2009 (May) Wied Ta'  Għajn Ħozna, Triq  Għajn Hozna,  Xagħra EU funded project to excavate and clear debris from valley basin Application for development permission withdrawn by
Planning Directorate
PA/06258/08 2008 (December) Wied Ta'  Għajn Ħozna, Triq  Għajn Hozna,  Xagħra To excavate and clear debris from valley basin Application for development permission withdrawn by
Planning Directorate
PA/03147/03 2003 (June) Wied Ta'  Għajn Ħozna, Triq  Għajn Hozna,  Xagħra To excavate and remove rubble and debris from valley basin including part to be
sanctioned
Application for development permission withdrawn by
Planning Directorate
PA/05728/96 1996 (September) Triq  Għajn Qasab, Nadur To rehabilitate part of existing building Householder development
permission
Not applicable Refused
PA/02345/02 2002 (April) Triq  Għajn Qasab, Nadur To sanction extension to existing farmhouse Application for development permission withdrawn by
Planning Directorate
PA/00022/03 2003 (January) Triq  Għajn Qasab, Nadur To sanction extension to existing farmhouse Full development permission Outside Development Zone Refused
EC/00279/95 1995 Triq  Għajn Qasab, Nadur Garages without permit - Planning Enforcement Pending Application to sanction
EC/01198/01 2001 Triq  Għajn Qasab, Nadur Store and additions to old rooms without permit - Planning Enforcement Pending Application to sanction
EC/00768/02 2002 Site at Tar- Ramla, Nadur Dumping without permit - Planning Enforcement Owner Complied/Structure removed by owner
PA/06660/02 2002 Site at Ramla Bay, Nadur Replacement of existing bus-shelter. New shelter to include one in number double-
sided ad-panel
Full development permission Outside Development Zone Permit Granted 
PA/00145/06 2006 (January) Site at, Wied ir- Ramla, Nadur Proposed electricity metre room Full development permission Outside Development Zone Permit Granted 
PA/06975/00 2000 (December) Ramla L- Ħamra Vineyard, Triq ir- Ramla,  Xagħra To form passage in vineyard by spreading thin layer of torba and sand on top of
existing clay soil to allow safe passage of tractors and build low rubble wall to hold
existing soil at edge of cliff
Full development permission Outside Development Zone Permit Granted 
PA/03554/00 2000 (July) Ramla L- Ħamra Vineyard, Triq ir- Ramla,  Xagħra To import soil to existing agricultural fields, to fill up existing depressions and thus
create a working surface required for vineyard; and to repair existing rubble walls
Full development permission Outside Development Zone Permit Granted 
PA/02854/00 2000 (May) Ramla L-Ħamra Vineyard, Triq ir- Ramla,  Xagħra Construction of underground reservoir (A); Construction of irrigation pump
room/filter room (B); Take down and re-erect agricultural store room pump room
(C); Take down and re-erect agricultural store room/ pump room (D). 
Full development permission Outside Development Zone Permit Granted 
PA/02853/00 2000 (May) Ramla L- Ħamra Vineyard, Triq ir- Ramla,  Xagħra To erect identification sign Advertisement Outside Development Zone Permit Granted 
EC/01198/00 2000 Ramla L- Ħamra Vineyard, Triq ir- Ramla,  Xagħra Dumping of material to form access road - Planning Enforcement Owner Complied/Structure removed by owner
EC/00763/06 2006 Site at Wied ir- Ramla,  Xagħra Construction of rooms, gate and excavations without permit - Planning Enforcement Pending at Enforcement Officer
PA/03759/02 2002 (July) Site at, Il- Wied tal- Fellis,  Xagħra Proposed glass house, water reservoir and tool shed - - Application for development permission withdrawn by
Planning Directorate
PA/00578/02 2003 (January) Triq Għajn Qamar,  Xagħra Additions and alterations Full development permission Outside Development Zone Permit Granted 
Subsequent to original decision refusing 
permission being upheld.
No permission Sought.
No permission Sought.
No permission Sought.
No permission Sought.
No permission Sought.
Related to above case.
No permission Sought.
Related to above case.
Related to above case.
Same place as above.
No permission Sought.
Breach of Conditions.
No permission Sought.
On valley side top.
274
Case Number Year Location Description Application Type Case Category Decision Remarks
Appendix 14   Table 14.1:     Planning Development  and Constraints  within Ramla Valley based on the Geographical Location (1993-2012)
PA/05835/08 2008 (December) Triq Għajn Qamar,  Xagħra Alterations and additions to existing house and construction of a swimming pool Full development permission Outside Development Zone Permit Granted 
EC/00731/93 1993 Triq Għajn Qamar,  Xagħra Additions at first floor level without permit - Planning Enforcement Permit Granted -  sanctioned enforcement
PA/00220/09 2009 (January) Site at, Triq Gajdoru,  Xagħra Reinstatement of dry stone walls and to plant olive trees Application for development withdrawn at request of
applicant
EC/00435/02 2002 Site at, Ta' Lagan,  Xagħra Agricultural room without permit - Planning Enforcement Direct Action - Notification Letter Sent
00078/08 2008 (February) Site at, Triq  Għajn Ħozna,  Xagħra To construct a pump room - Development Notification Order Approved
EC/01160/98 1998 Site at, Triq  Għajn Ħozna,  Xagħra Enclosed water spring without permit - Planning Enforcement Owner Complied/Structure removed by owner
EC/01324/00 2000 Site at Wied ir- Ramla, Xagħra Agricultural room without permit - Planning Enforcement Permit Granted -  sanctioned enforcement
PA/03171/03 2003 (June) Ta' Ghajn Qasab Off, Triq ir-Ramla, Nadur To sanction existing glasshouse, reservoir, pump room and stores. Full development permission Outside Development Zone Permit Granted 
01608/02 2002 Ta' Sufa off, Triq ir- Ramla L- Ħamra, Nadur To regularise reservoir and pump room. - Development Notification Order Not Accepted - Application Required
PA/04231/96 1996 (July) Site at Triq ir- Ramla, Nadur To erect wall to enclose the applicant's site Full development permission Not applicable Permit Granted 
EC/00281/95 1995 Site at Triq ir- Ramla, Nadur Construction of store without permit - Planning Enforcement Removed by Direct Action - Case Closed
EC/00274/96 1996 Site at, Triq  Għajn Qasab, Nadur Dumping of material without permit - Planning Enforcement Dumping of material without permit
00841/05 2005 (December) Site between Triq l- Inżul tal- Franċiżi and, Triq ir- Ramla,
Nadur (Tat- Twiel)
Proposed water reservoir - Development Notification Order Approved
EC/00097/09 2009 Site at,  Triq l- Inzul tal- Francizi, Nadur Metal tank in field - Planning Enforcement Owner Complied/Structure removed by owner
02022/02 2002 (June) Site at, Ir- Ramla ta' Fuq, Nadur To construct agricultural reservoir - Development Notification Order Approved
PA/05986/99 1999 (December) Site at, Il- Qortin tar- Ramla, Nadur Erection of Cow-shed Outline development permission Outside Development Zone Permit Granted 
PA/05633/02 2002 (October) Site at, Il- Qortin tar- Ramla, Nadur Construction of a cow-farm Full development permission Outside Development Zone Permit Granted 
PA/07078/07 2007 (November) Cow Farm, Triq L- Għassa tal- Maħraġ, Nadur Proposed extension to an existing cow-farm. Full development permission Outside Development Zone Permit Granted 
00320/04 2004 Site at, Il- Qortin tar- Ramla, Nadur Temporary Site Offices - Development Notification Order Approved
EC/00009/98 1998 Site at, Ta' Xurdin, Nadur Dumping without permit - Planning Enforcement Executable Case
EC/00003/03 2003 Site at, Ir- Ramla ta' Fuq, Nadur Widening of a passage without permit - Planning Enforcement Direct Action - Notification Letter Sent
EC/00227/05 2005 Site at, Ir- Ramla ta' Fuq, Nadur Dumping without permit - Planning Enforcement Direct Action - Notification Letter Sent
EC/00432/07 2007 Site at, Daħla ta' Venuta, Ir- Ramla ta' Fuq, Nadur Construction of agricultural store without permit - Planning Enforcement Direct Action - Notification Letter Sent
02303/02 2002 (August) Site at, Daħla ta' Venuta, Ir- Ramla ta' Fuq, Nadur To sanction water reservoir - Development Notification Order Approved
00472/02 2002 (January) field at, Ir- Ramla ta' Fuq, Nadur Construction of a reservoir - Development Notification Order Not Accepted - Application Required
PA/01803/99 1999 (April) Site at, Il- Qortin tar- Ramla, Nadur Land reclamation by the placing of soil and the regulation of works with the same
nature that did not have permission
Application for development permission withdrawn by
Planning Directorate
EC/00855/98 1998 Site at, Il- Qortin tar- Ramla, Nadur Dumping without permit - Planning Enforcement Executable Case
EC/00194/99 1999 Site at, Ix- Xagħri tal- Pixka, Triq ir- Ramla l- Ħamra, Nadur Land reclamation without permit - Planning Enforcement Direct Action - Notification Letter Sent
PA/01805/99 1999 Site at, Ix- Xagħri tal- Pixka, Triq ir- Ramla l- Ħamra, Nadur Land reclamation by the placing of soil and the regulation of works with the same
nature that did not have permission
Full development permission Outside Development Zone Refused
EC/00718/02 2002 Site at, Ramla Bay,  Xagħra Change of use of site for water sports without permit - Planning Enforcement Owner Complied/Structure removed by owner
Same place as above.
No permission Sought. Breach in same location 
as above
No permission Sought.
No Permission sought. Derelict site.
No permission Sought.
No permission Sought.
No permission sought.
No permission sought.
No permission sought.
Same owner as above.
Same owner as above.
Same place as above.
Same owner as above.
No permission sought. Same owner as above.
No permission sought.
No permission sought.
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PA/07895/95 1995 (December) Site at Ramla Bay, Nadur Reconstruction of roof and apertures Full development permission Not applicable Refused
PA/05328/10 2010 (November) Site at, Trejqa Ta' Xurdin, Nadur Construction of semi-detached dwellings Outline development permission Outside Development Zone Refused
PA/06009/00 2000 (November) Site at, Trejqa Ta' Xurdin, Nadur To sanction agricultural store and reservoir Full development permission Outside Development Zone Refused
EC/01184/00 2000 Site at, Ta' Xurdin, Nadur Agricultural room and water reservoir without permit - Planning Enforcement Appeal pending from Application
PA/04094/09 2009 (September) Site at, Ta' Xurdin, Nadur To sanction agricultural store and reservoir - - Application for development permission withdrawn by
Planning Directorate
PA/04319/92 1993 (January) Site at, Ta' Xurdin, Nadur Additions on dwelling Pre-1993 Application Not applicable Permit Granted 
PA/03538/99 1999 (July) Site at, Ta' Xurdin, Nadur Fresh water pool and 1.8m dish antenna Full development permission Outside Development Zone Permit Granted 
PA/05480/97 1997 (September) Site at, Ta' Xurdin, Nadur To sanction existing one storey dwelling with underlying garage Full development permission Outside Development Zone Originally refused, subsequently overturned
PA/04993/08 2008 (October) Site at, Trejqa Ta' Xurdin, Nadur To effect minor alterations to existing building and sanction variations from
previously approved drawings
Full development permission Outside Development Zone Originally refused, subsequently overturned
PA/05340/95 1995 (September) Site at, Ta' Xurdin, Nadur Renewal - To carry out alterations and additions to basement Renewal of development
permission
Not applicable Permit Granted 
EC/00012/98 1998 Site at, Ta' Xurdin, Nadur Façade of villa not according to plans - Planning Enforcement Permit Granted -  sanctioned enforcement
PA/02848/90 1993 (January) Site at, Ta' Xurdin, Nadur To erect dwelling house Pre-1993 Application Not applicable Refused
PA/03125/97 1997 (May) Site at, Ta' Xurdin, Nadur Proposed landscaping and building of reservoir with arched structure in existing
undeveloped garden area.
Householder development
permission
Not applicable Originally refused, subsequently overturned
PA/00310/04 2004 (January) Site at, Ta' Xurdin, Nadur To sanction two underground storage rooms in existing development as per
PA/3125/97
Amended development permission Outside Development Zone Permit Granted 
EC/00010/04 2004 Site at, Ta' Xurdin, Nadur Construction of two rooms without permit - Planning Enforcement Permit Granted -  sanctioned enforcement
PA/05329/10 2010 (January) Site at, Trejqa Ta' Xurdin, Nadur Construction of semi-detached dwellings Outline development permission Outside Development Zone Refused
00053/04 2004 Site at, Ta' Xurdin, Nadur Proposed water reservoir - Development Notification Order Approved
PA/01119/04 2004 (February) Site at, Ta' Xurdin, Nadur Proposed agricultural store Full development permission Outside Development Zone Originally refused, subsequently overturned
EC/00586/06 2006 Site at, Triq L- Irdum Ta' Venuta, Nadur Dumping of material without permit - Planning Enforcement Executable Case
EC/00767/02 2002 Site at, Ta' Xurdin, Nadur Dumping and levelling of material without permit - Planning Enforcement Direct Action - Notification Letter Sent
PA/02887/02 2002 (May) Site at, Triq Għajn Qasab, Nadur To construct a cemetery Outline development permission Outside Development Zone Originally granted, subsequently overturned
PA/02407/04 2004 (April) Site at, Triq Għajn  Qasab, Nadur To construct a cemetery as approved in outline permission PA2887/02 Full development permission Outside Development Zone Permit Granted 
PA/01570/11 2011 (November) Site at, Triq  Għajn  Qasab, Nadur To sanction the retention of excavated volume beneath passages to form humidity
barriers, to retain the excavated volume beneath those passages still to be
constructed also as humidity barriers, to construct the chapel at basement level
instead at ground floor level, and to sanction differences in the layout of the
cemetery resulting in fewer graves and larger soft areas
Amended development permission Outside Development Zone Permit Granted 
EC/00070/11 2011 Nadur Cemetery, Triq Għajn Qasab, Nadur Variations in the layout of graves and the space/gaps between the graves were
excavated and roofed, resulting in a passage below the ground
- Planning Enforcement Pending Application to sanction
EC/00379/01 2001 Site at, Triq  Għajn  Qasab, Nadur Dumping without permit - Planning Enforcement Executable Case
EC/00439/04 2004 Site at, Triq  Għajn  Qasab, Nadur Construction of a room and landscaping without permit - Planning Enforcement Owner Complied/Structure removed by owner
02402/02 2002 (September) Site at, Triq  Għajn  Qasab, Nadur Construction of a reservoir - Development Notification Order Not Accepted - Application Required
No permission sought. Same owner as above.
Same owner as above.
Same owner as above.
Not according to approved plans.
No permission sought.
Not according to approved plans.
No permission sought.
Same owner as above.
No permission sought.
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PA/02512/00 2000 (May) Site at, Triq  Għajn  Qasab, Nadur To create an opening for a garage door in the façade, and another two doors within Full development permission Outside Development Zone Originally refused, subsequently overturned
PA/01176/08 2008 (March) Site at. Triq  Għajn  Qasab, Nadur To clean a field and to distribute it between relatives; and to form passages in the
rubble walls
Full development permission Outside Development Zone Refused
PA/00487/04 2004 (April) Site at, Triq  Għajn  Qasab, Nadur To pull down and rebuild part of a house Full development permission Outside Development Zone Permit Granted 
PA/05130/95 1995 (August) Site at, Triq  Għajn  Qasab, Nadur Construction of a belvedere on behalf of Nadur Local Council Full development permission Not applicable Permit Granted 
EC/00981/02 2002 Site at, Triq  Għajn  Qasab, Nadur Constriction of rubble wall without permit and rooms constructed larger than
approved in permit PB/1971/89
- Planning Enforcement Direct Action - Notification Letter Sent
PA/03814/10 2010 (July) Raba tal- Ħanaq, Triq  Għajn  Qasab, Nadur Sanction variations from permission PB/1923/92 PB/1971/89 consisting in size and
number of units, use existing cave, passage, room, cave and space under ramps for
agricultural uses and fix timber gate
Full development permission Outside Development Zone Refused
PA/00641/13 2012 (September) Tal- Ħanaq Farm, Triq Għajn  Qasab, Nadur Regularise variations from permit PB/1923/92 PB1971/89 and the shoring-up of
dangerous roofs of caves, use hay store as store for produce, use small cubicle as
agricultural store, use store for agricultural implements as store for implements and
produce of the 2 farmers, fix gate
Full development permission Outside Development Zone No decision yet, refusal recommended
PA/03700/00 2000 (July) Site at, Triq  Għajn  Qasab, Nadur To sanction building of dry stone retaining wall - to deposit agricultural soil - to
construct underground reservoir - to increase height of road boundary wall to 4
courses - to sanction extension to existing stores
Full development permission Outside Development Zone Refused
EC/00305/07 2007 Site at, Il- Ħanaq, Nadur Construction of a room and a structure without permit - Planning Enforcement Executable Case
EC/00308/06 2006 Site at, Ta' Ħida, Nadur Excavations and levelling of soil without permit - Planning Enforcement Direct Action - Notification Letter Sent
PA/00122/01 2001 (March) Site at, Il- Mejda ta' Duru, Nadur To sanction pump/generator room/agricultural implements store Full development permission Outside Development Zone Permit Granted 
EC/00835/93 1993 Site at, Triq ta' Gorf,  Xagħra Concrete road leading to farm without permit - Planning Enforcement Enforcement withdrawn
PA/06259/08 2008 (December) Site at, Wied Il- Ħanaq,  Xagħra To excavate loose material from valley basin to clear watercourse - - Application for development permission withdrawn by
Planning Directorate
PA/00705/97 1997 (February) Site at, Triq  Għajn Ħanaq Xagħra To replace existing footpaths crossing valley with suitable foot-bridges and to
widen existing storm water culvert crossing street
Full development permission Not applicable Permit Granted 
EC/01196/96 1996 Site at, Triq  Għajn  Ħozna,  Xagħra Excavations of alley against SP Policy RCO29 - Planning Enforcement Permit Granted -  sanctioned enforcement
EC/00115/00 2000 Site at, Triq  Għajn  Ħozna,  Xagħra Works on Valley not according to approved plans and conditions of PA/00705/97 - Planning Enforcement Pending at Enforcement Officer
EC/01083/01 2001 Site at, Ta' Sardina, off, Triq Għajn  Ħozna,  Xagħra Dumping of soil without permit - Planning Enforcement Permit Granted -  sanctioned enforcement
PA/06435/00 2000 (November) Site at, Triq Gajdoru,  Xagħra Proposed flats and garages Full development permission Outside Development Zone Refused
References 
MEPA Map Server (http://www.mepa.org.mt/mepa-mapserver)
No permission sought.
(Ta' Gorf hillside in valley)
Not according to approved plans.
Same owner as above and relative.
Same owner as above.
No permission sought.
Not according to approved plans.
Same owner as above.
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Dominant Species Species listed Species listed
(Sand Couch) Elytrigia juncea  (or Elymus farctus ) (Spiny Echinophora) Echinophora spinosa 
(Dropwort Grass)Sporobolus pungens  (or S. arenarius ) (Sea Daffodil) Pancratium maritimum 
(African Tamarisk) Tamarix africana (Sea Holly) Eryngium maritimum 
(Spiny Echinophora) Echinophora spinosa (Sea Spurge) Euphorbia paralias  
(Coastal Spurge)Euphorbia terracina 
(Purple Spurge) Euphorbia terracina 
Other species (Sea Medick) Medicago marina 
(Sea Fennel or Prickly Parsnip) Echinophora spinosa (Sea  Knotgrass) Polygonum maritimum 
(Sea Daffodil) Pancratum maritimum (Capitate Galilgale) Cyperus capitatus 
(Petty Spurge) Euphorbia peplis (Sea rape) Raphanus maritimus 
(Coastal Spurge) Euphorbia terracina (Spanish Golden Thistle) Scolymus hispanicus  
(Sea Rocket) Cakile maritima ( Sand Fern-Grass) Cutandia maritima 
(Sea Fern-Grass) Cutandia maritima (Sand Storksbill) Erodium lacitantium 
(Two-leaved Allseed) Polycarpon diphyllum 
(Gum Chicory) Chondrilla juncea 
(Sea Ragwort) Ambrosia maritima 
(Sea Carrot ) Pseudorlaya pumila 
(Sand Birdsfoot Trefoil) Lotus halophilus 
(Sand Restharrow) Ononis variegata
 (Rare Sand Dwelling Mushroom) Montagnites arenaria 
(Prickley Salt Wort) Salsola kali
(Sea Rocket) Cakile maritima
(Dune Fescue) Vulpia fasciculata
(Hairstail Grass) Lagarus ovatus
(Red Campion or Pink Pirouette) Silene colorata
(Sea Scabious) Scabiosa maritima
(Bush Restharrow) Ononis natrix spp. ramosissima
Sweet Alison (Lobularia maritima)
(Littoral Medick) Medicago littiralis
(Yellow-horned Poppy) Glaucium flavum
(Rigid Brome) Bromus rigidus*
(Grey Birdsfoot Trefoil)  Lotus cytisoides
(Sea Spurge) Ephorbia paralias 
(Sea medick) Medicago marina 
(Sea Carrot ) Pseudorlaya pumila 
(Sand Restharrow) Ononis variegata
(Rare Sand Dwelling Mushroom) Montagnites arenaria   
(Golden Samphire) Inula crithmoides (Cassar, 1996)
(Maltese Sea Lavender) Limonium melitensis (Cassar, 1996)
(Yellow Restharrow) Ononis natrix (subsp.ramosissima) (Cassar, 
1996)
(Sticky Fleabane) Dittrichia viscosa (Cassar, 1996)
(Spiny Asparagus) Asparagus aphyllus (Cassar, 1996)
(Capitate Galilgale) Cyperus capitatus (Cassar, 1996)
(Sea Daffodil) Pancratium maritimum (Cassar, 1996)
Appendix 15                   Table 15.1:    Inventory List of Vegetation in Ramla Valley and Bay
Ramla only
Crithmo-Limonietum
Omonis natrix
Sand dunes
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(Dropwort Grass) Sporobolus pungens** (Dropwort Grass)Sporobolus pungens**
(Coastal Medick) Medicago littoralis*, 
(Sand Couch)Elytrigia juncea** (Sand Couch)Elytrigia juncea**
(Common Golden Thistle) Scolymus hispanicus *
(Hare's Foot Plantain) Plantago lagopus*
(Common Broghteyes) Reichardus picroides*
(Sea Holly) Eryngium maritimum** (Sea Holly) Eryngium maritimum**
(Sea Beet) Beta maritima*
(Wild Artichoke) Cynara cardunculus*
(Sea Barley) Hordeum marinum** (Sea Barley) Hordeum marinum**
(Sea Daffodil) Pancratium maritimum** (Sea Daffodil) Pancratium maritimum**
(Buck's Horn Plantain) Plantago coronopus s.l.** (Buck's Horn Plantain) Plantago coronopus s.l.**
(Slender Sow Thistle) Sonchus tenerrimus*
(Grey Birdsfoot-Trefoil) Lotus cytisoides*
(Bearded Wild Oat) Avena barbata s.l.*
(Ripgut Brome) Bromus diandrus*
(Sea Spurge) Euphorbia paralias** (Sea Spurge) Euphorbia paralias**
(Golden Samphire) Inula crithmoides** (Golden Samphire) Inula crithmoides**
(Hare's Tail Grass) Lagurus ovatus** (Hare's Tail Grass) Lagurus ovatus**
(Prickley Salt Wort) Salsola kali** (Prickley Salt Wort) Salsola kali**
Hainardia incurva*
(Pink Pirouette) Silene colorata*
(Common Sowthistle) Sonchus oleraceus*
Atriplex portulacoides**
(African Tamarisk) Tamarix africana **
(Squirting Cucumber) Ecballium elaterium **
(Prickly Pear) Opuntia ficus-indica **
(Caper) Capparis spinosa **
(Dropwort Grass) Sporobolus pungens** (Dropwort Grass) Sporobolus pungens**
(Sand Couch)Elytrigia juncea** (Sand Couch)Elytrigia juncea**
(Sea Medick) Medicago marina** (Sea Medick) Medicago marina**
(Sea Daffodil) Pancratium maritimum** (Sea Daffodil) Pancratium maritimum**
(Large Yellow Rest-Harrow) Onoris natrix** (Large Yellow Rest-Harrow) Onoris natrix**
(Spiny Echinophora) Echinophora spinosa** (Spiny Echinophora) Echinophora spinosa**
(Thistle) Sonchus tenerrimus ** (Thistle) Sonchus tenerrimus **
(Milk-Vetch) Astragalus boeticus*
(Sea Kale) Cakile maritima s.l. ** (Sea Kale)Cakile maritima s.l. **
(Sand Fern-Grass) Cutandia maritima*
(Spanish Oyster Plant) Scolymus hispanicus*
(Coastal Medick) Medicago littoralis*, 
(Coastal Spurge)Euphorbia terracina** (Coastal Spurge)Euphorbia terracina**
(Prickly Saltwort) Salsola kali*
(Ripgut Brome) Bromus rigidus*
(Sea Holly) Eryngium maritimum** (Sea Holly) Eryngium maritimum**
(Stork's Bills) Erodium laciniatum*
( Sweet Alison) Avena barbar s.l.*
(Sweet Alison) Lobulara maritima** (Sweet Alison) Lobulara maritima**
(Catchfly) Silene colorata*
(Hare's Tail Grass) Lagurus ovatus*
(Ripgut Brome) Bromus diandrus*
(Crown Daisy) Chrysanthemum or Glebionis coronarium *
(Bugloss) Echium arenarium*
(Prickly Sow-Thistle) Sonchus asper*
(Smooth Sow-Thislte) Sonchus oleraceus*
(Maltese Garlic) Allium melitense*
(Capitate Galingale) Cyperus capitatus*
Zone 1 Ramla l-Ħamra Western Part of Bay
Zone 2 Ramla l-Ħamra Eastern part of the 
Bay
Rubble walls 
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(Ripgut Brome) Bromus diandrus*
(Large Yellow Rest-Harrow) Onoris natirx** (Large Yellow Rest-Harrow) Onoris natirx**
(Rigid Brome) Bromus rigidus*
(Dropwort) Sporobolus pungens** (Dropwort) Sporobolus pungens**
(Coastal Medick) Medicago littoralis*, 
(Sand Couch) Elytrigia juncea** (Sand Couch) Elytrigia juncea**
(Sea Daffodil) Pancratium maritimum** (Sea Daffodil) Pancratium maritimum**
(Sea Medick) Medicago marina** (Sea Medick) Medicago marina**
(Common Golden Thistle) Spolymus hispanicus*
(Spiny Echinophora) Echinophora spinosa** (Spiny Echinophora) Echinophora spinosa**
(Coastal Spurge) Euphorbia terracina*
(Milk-vetch) Astragalus boeticus*
(Catchfly) Silene colorata** (Catchfly) Silene colorata**
(Capitate Gingale) Cyperus capitatus*
(Sea Holly) Eryngium maritimum** (Sea Holly) Eryngium maritimum**
(Spiny Asparagus) Asparagus aphyllus*
(Spiny Dock) Emex spinosa*
(Sweet Alison) Lobularia maritima** (Sweet Alison) Lobularia maritima**
(Hare's Tail Grass) Lagurus ovatus*
(Winter Wild Oat) Avena sterilis*
(Bugloss) Echium arenarium*
(Smooth or Common Sow-Thislte) Sonchus oleraceus*
(Crown Daisy) Chrysanthemum or Glebionis coronarium * (Crown Daisy) Chrysanthemum or Glebionis coronarium *
(Sand Fern-Grass) Cutandia maritima*
(Bermuda Grass) Cynodon dactylon*
(Rough Dog's Tail) Cynosarus echinatus*
(Fennel) Foeniculum vulgare*
(Common Brighteyes) Reichardia picroides*
(Prickly Saltwort) Salsola kali** (Prickly Saltwort) Salsola kali**
(Pea) Lathyrus clymenum*
(Sow-Thistle) Sonchus tenerrimus*
(Maltese Garlic) Allium melitense*
(Bearded Wild Oat) Avena barbarata s.l.
(Poppy) Papaver stigosum*
(Prickly Golden Fleece) Urospermum picroides** (Prickly Golden Fleece) Urospermum picroides**
(African Tamarisk) Tamarisk africana
(Chaste Tree) Vitex agnus-castus
(French Tamarisk)Tamarisk gallica
(Sand Couch) Elytrigia juncea** (Sand Couch) Elytrigia juncea**
(Sea Holly) Eryngium maritimum** (Sea Holly) Eryngium maritimum**
(Spiny Echinophora) Echinophora spinosa** (Spiny Echinophora) Echinophora spinosa**
(Coastal Medick) Medicago littoralis*, 
(Sea Daffodil) Pancratium maritimum** (Sea Daffodil) Pancratium maritimum**
(Spurge) Euphorbia terracina*
(Sand Fern-Grass) Cutandia maritima*
(Hare's Tail Grass) Lagurus ovatus*
(Sea Medick) Medicago marina*, 
(Sow-Thistle) Sonchus tenerrimus*
(Spiny Oyster Plant) Scolymus hispanicus*
(Sea Kale) Cakile martima s.l.** (Sea Kale) Cakile martima s.l.**
(Ripgut Brome) Bromus diandrus* (Rare Sand Dwelling Mushroom) Montagnites arenaria
(Common Sea Lavander) Limonium vulgarae**
(Catchfly or Pink Pirouette) Silene colorata**
(Dropwort Grass) Sporobolus punges**
(African Tamarisk Tress) Tamarix africana**
(Cape Sorrel) Oxalis pres-caprae**
(Common Sea Lavander) Limonium vulgarae**
(Sea Daffodil) Pancratium maritimum**
Zone 3 Ramla l-Ħamra Behind zone 2 more 
sheltered 
Zone 4 Ramla l-Ħamra Central Dune Area
Zone 4 Under the Tamarisk Trees
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(Great Reed) Arundo donax** (Great Reed) Arundo donax**
(Spiny Asparagus) Asparagus aphyllus*
(Prasium) Prasium majus*
(Sea Daffodil) Pancratium maritimum** (Sea Daffodil) Pancratium maritimum**
(Sea Holly) Eryngium maritimum** (Sea Holly) Eryngium maritimum**
(Spiny Echinophora) Echinophora spinosa** (Spiny Echinophora) Echinophora spinosa**
(Coastal Medick) Medicago littoralis*, 
(Pea) Lathyrus clymenum*
(Spanish Oyster Plant) Scolymus hispanicus*
(Common Vine) Vitis vinifera** (Common Vine) Vitis vinifera**
(Wild Madder) Rubia pergrina** (Wild Madder) Rubia pergrina**
(Sand Couch) Elytrigia juncea** (Sand Couch) Elytrigia juncea**
(Pine Spurge) Euphoria pinea*
(Coastal Spurge) Euphorbia terracina*
(Rigid Brome) Bromus rigidus*
(Sweet Alison) Lobularia maritima*
(Large Yellow Rest-Harrow) Onoris natirx** (Large Yellow Rest-Harrow) Onoris natirx**
(Common Brighteyes) Reichardia picroides*
(Fennel) Foeniculum vulgarae*
(Yellow Milk-Vetch) Astragalus boeticus*
(Wild Carrot) Daucus carota s.l.** (Wild Carrot) Daucus carota s.l.**
(Prickly Pear) Opuntia ficus-india** (Prickly Pear) Opuntia ficus-india**
(Sow-Thistle) Sonchus tenerrimus*
(Dropwort Grass) Sporobolus pungens** (Dropwort Grass) Sporobolus pungens**
(Sea Kale) Cakile maritima s.l.** (Sea Kale) Cakile maritima s.l.**
(Sticky Fleabane) Dittrichia viscosa*
(Stork's Bill) Erodium laciniatum*
(Ragwort-Cineraria) Senecio bicolor** (Ragwort-Cineraria) Senecio bicolor**
(Bearded Wild Oat) Avena barbata s.l.*
(Mediterranean Thistle) Galactites tomentosa** (Mediterranean Thistle) Galactites tomentosa**
(Hare's Tail Grass) Lagurus ovatus** (Hare's Tail Grass) Lagurus ovatus**
(Common Sow-Thistle) Sonchus oleraceus*
(Great Reed) Arundo donax**
(Common Reed) Phyragmites australis**
(Sea Club Rush) Bolboschoenus maritimus**
(Southern Reed Mace) Typha domingensis**
(African Tamarisk) Tamarix africana**
(Spiny/Prickly Saltwort) Salsola kali**
Zone 5 Ramla l-Ħamra Agricutural fields
Zone 6 Ramla l-Ħamra Fresh water wetland 
community
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Conclusion
20 species unlisted in Gaia 2006 inventory 11 species listed in Cassar & Stevens 2002 only Listed in Borg Axisa 2002 survey/unlisted Gaia 2006 inventory
(Dropwort Grass)Sporobolus pungens  (or S. arenarius ) (Sea  Knotgrass) Polygonum maritimum (French Daffodil)Narcissus tazetta
(Petty Spurge) Euphorbia peplis (Sea Rape) Raphanus maritimus (Carob) Ceratonia siliqua
(Dune Carrot) Pseudorlaya pumila (Two-leaved Allseed) Polycarpon diphyllum (Branched Asphodel) Asphodelus aestivus
(Sand Rest Harrow) Ononis variegata (Gum Chicory) Chondrilla juncea (Mediterranean Steep-Grass) Stipa capensis
(Rare Sand Dwelling Mushroom)  Montagnites arenaria (Sea Ragwort)Ambrosia maritima (Perennial Wall-Rocket)  Diplotaxis tenuiflora
(Buck's Horn Plantain) Plantago coronopus s.l.** (Sea Carrot ) Pseudorlaya pumila 
(Slender Sow Thistle) Sonchus tenerrimus* (Sand Restharrow) Ononis variegata
(Ripgut Brome) Bromus diandrus* (Rare Sand Dwelling Mushroom) Montagnites arenaria 
(Rigid Brome) Bromus rigidus* (Dune Fescue) Vulpia fasciculata
(Dropwort Grass) Sporobolus pungens** (Yellow-horned Poppy) Glaucium flavum
(Spanish Oyster Plant) Spolymus hispanicus* (Rigid Brome) Bromus rigidus*
(Pea) Lathyrus clymenum*
(Sow-Thistle) Sonchus tenerrimus*
(Maltese Garlic) Allium melitense*
(Poppy) Papaver stigosum*
(Prasium) Prasium majus*
(Pea) Lathyrus clymenum*
(Southern Reed Mace) Typha domingensis**
(Rare Sand Dwelling Mushroom) Montagnites arenaria
(Sea Purslane) Atriplex portulacoides **
Legends
* Stevens 2001 Survey
** BICREF 2003 Survey
Listed in Gaia 2006 inventory inventory
20 species unlisted in Gaia 2006 inventory
Listed in Cassar & Stevens 2002 only
References
Listed in Borg Axisa 2002 survey/unlisted in Gaia 2006 survey
1.      Borg Axisa, G. (2002). Mosaic: Application of Landscape Ecology in the Analysis of ir-Ramla Valley, Gozo.  Malta: unpublished Masters Thesis UOM.
4. Vella, A. (2003) Ramla Bay, Gozo. A Short Survey to Overview Current Status and Requirements for Conservation (Autumn 2002). BICREF & Gaia Foundation, Malta. Available
from:http://www.projectgaia.org/documents/download/Ramla%20Ecology%20Survey%20By%20Dr.%20Adriana%20Vella%20Autumn2002.pdf.[Accessed on 01/08/13].
3.      Gaia Foundation (2006a) Management Plan for ir-Ramla (Gozo), Malta . Available from:  http://www.projectgaia.org/documents/download/Draft%20Management%20Plan%20Ramla2006.pdf [Accessed on 18/07/2013].
2.      Cassar, L. F. &. Stevens, D. T. (2002) Coastal Sand Dunes under Seige - A Guide to Conservation for Environmental Managers.  Internaitonal Environment Institute Foundation for International Studies, University of Malta, Malta.
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Figure 16.1: An undated map from the time of the Knights showing minimal details of the area of study (source: National Library, Malta) 
Appendix 16 Area of study maps (17th century -2004) 
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Figure 16.2:    Detail of a map depicting the area of study: 1824 (source: National Library, Malta)  
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Figure 16.3: Extent of the Island of Gozo providing detail of Figure 16.2  
(source: National Library, Malta) 
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Figure 16.4: Detail from a map of 1893 – the map only depicted the Southern side 
of the island without any information provided on Pergla Valley 
(source: National Library, Malta) 
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Figure 16.5: Pergla Valley and the Western side of Ramla Valley: 1940 period (source: Works Division, Floriana) 
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Figure 16.6: Map of the Central and Eastern sides of Ramla Valley: 1940 period (source: Works Division, Floriana) 
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                                                 Figure 16.7:   Map of the Southern side of Ramla Valley: 1940 period (source: Works Division, Floriana) 
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Figure 16.8: Map of Pergla Valley and the Northern side of Ramla Valley: 1965 (source: Works Division, Floriana) 
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Figure 16.9: Map of Central and Western Ramla Valley: 1965 (source: Works Division, Floriana) 
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Figure 16.10:   Map including the Eastern side of Ramla Valley: 1965  
(source: Works Division, Floriana)
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Figure 16.11:   Map of the Northern side of Ramla Valley: 2008 (© Mapping Unit, Malta Environment and Planning Authority) 
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Figure 16.12:    Map of the Southern side of Ramla Valley: 2008 (© Mapping Unit, Malta Environment and Planning Authority) 
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Figure 16.13:    Map of Pergla Valley: 2008 (© Mapping Unit, Malta Environment 
and Planning Authority) 
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